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Abstract 
Chemical modification of ethene/propene-carbon monoxide alternating 
copolymers at the carbonyl and a-methylene groups has been investigated. In order 
to establish the scope of these reactions, to develop suitable reaction conditions, and 
also to facilitate spectroscopic identification of the polymer products, model 
compounds were studied. For this purpose, hexane-2,5-dione and undecane-3,6,9-
trione were chosen. 
Reactions of isolated carbonyl groups in ethene/propene-carbon monoxide 
alternating copolymers were accomplished by acid-catalysed condensation with 
alkane- 1 ,2-diols (ethane-, propane-, butane- and hexane- 1 ,2-diols) affording alkene-
dioxolane copolymers. Oximation with hydroxylamine, O-methylhydroxylarnine and 
O-benzylhydroxylamine resulted in complete conversion of the carbonyl groups to 
their oxime derivatives. In addition, the conversions of polyketoximes, derived from 
ethene/propene-carbon monoxide copolymers, to 1 -acetoxyiminotrimethylene and 1-
benzoxyiminotrimethylene polymers were achieved by treatment with acetic 
anhydride and benzoyl chloride, respectively. 
Reaction of 1 ,4-dione units in ethene/propene-carbon monoxide alternating 
copolymers has been investigated. Paal-Knorr reactions with aniline, benzylarnine 
and glycine ethyl ester yielded poly(alkenepyrrole) derivatives. 
The conversion of the carbonyl groups in ethene/propene-carbon monoxide 
alternating copolymers to methoximes allowed directed a-substitution reactions to be 
carried out on the polymer backbone. Treatment with n-butyllithium followed by 
addition of electrophiles (e.g. iodomethane, 1 -iodopropane, 1 -bromobutane, benzyl 
V 
bromide and allyl bromide) afforded the polymeric products in which 20-38% of the 
a-syn methylene hydrogens were substituted. The syn selectivity of the lithiation 
process was established by treatment of the polymethoxime with BuLi/[O- 2H]-
methanol and confirmed by the presence of deuterium signal in the 2H-NMR 
spectrum corresponding to those observed for the model compounds. 
Beckmann rearrangement reactions of model compounds [2,5-bis(tosyloxy-
imino)hexane, 2,5 -bis(mesyloxyimino)hexane and 2,5 -bis(hydroxyimino)hexane] 
were investigated and resulted in rearrangement products: N,N-ethanediyl-bis-
acetamide, N-acetyl--alaninemonomethylamide and N,N 7 -dimethylsuccinamide. 
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Glossary of terms, symbols and abbreviations 
aq. 	aqueous solution 
Ar aromatic group 
br 	broad 
cone, concentration 
COSY 	correlation spectroscopy 
d 	 doublet 
DEPT 	distortionless enhancment by polarisation transfer 
DMSO dimethysulphoxide 
E-CO 	ethene-carbon monoxide alternating copolymer (ethene:CO = 1:1) 
EP-CO- 1 %P ethene-propene-carbon monoxide alternating terpolymer 
(ethene:propene:CO = 0.99:0.01:1.00) 
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P-CO 	propene-carbon monoxide alternating copolymer (propene:CO = 1:1) 
El electron impact 
equiv. 	equivalent 
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FTIR 	fourier transform infrared 
g gram 
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Hz hertz 
J coupling constant 
lit, literature value 
m multiplet 
ml millilitres 
mmHg pressure in millimetres of mercury 
mmol millimole 
m/z mass to charge ratio 
M moles per litre 
M+ molecular ion 
MH protonated molecules, (M+H) 
M number average molecular weight 
M. weight average molecular weight 
NMR nuclear magnetic resonance 
NOE nuclear overhauser effect 
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1.1 	General Introduction 
Polyketones are linear copolymers of alkenes and carbon monoxide. The first 
example was reported in 1946 by Mortenson', who prepared random ethene-carbon 
monoxide and ethene-propene-carbon monoxide copolymers using diethyl peroxide 
as an initiator. Later, the free radical initiated copolymerisation was described in 
1950 by Brubaker2 using a variety of alkenes such as ethene, propene, 1,3-butadiene, 
tetrafluoroethylene and vinyl acetate as co-monomers. Since then considerable 
interest in polyketones has developed for several reasons. Firstly, carbon monoxide is 
an inexpensive monomer which cannot usually be polymerised to a homopolymer, 
but can be copolymerised with alkenes. Secondly, polyketones are more 
photodegradable than the corresponding polyalkenes because the carbonyl groups in 
the polymer backbone can absorb ultraviolet light and induce scission of the polymer 
chain. 3-7  Thirdly, their excellent chemical resistance, physical, mechanical and 
barrier properties place them in the broad class of materials known as 'engineering 
thermoplastics' which are widely used in industrial, automotive, appliance and 
electrical applications. Finally, the reactive carbonyl groups provide the opportunity 
for modification thus providing access to other classes of functionalised polymers. 
Perfectly alternating polyketones of carbon monoxide, ethene and propene 
have recently been put on the market by Shell under the trade name of Carilon. Also, 
BP Chemicals is manufacturing polyketones on a pilot-plant scale. 8,9 
1.2 	Polyketone Formation 
Polyketones can be produced by using free radical initiators, 7-rays or 
transition metal compounds. The structure of the resulting polymer depends on the 
method employed. They can be divided into two broad groups: random polyketones 
containing less than 50 mol% of carbon monoxide (Figure 1.1 x < 0.5, y> 0.5) and 
alternating polyketones containing 50 mol% of each monomer (x = y = 0.5). Early 
work in this area mainly involved the random copolymers, while in the last 20 years 
more attention has been paid to the synthesis, properties and reactions of the 
alternating copolymers. Most of the published work is in the form of patents. 
	
t 0 	 R II I C CH-CH y 
Figure 1.1 
1.2.1 Random alkene-carbon monoxide copolymers 
Random polyketones, having a carbon monoxide content less than 50 mol%, 
have been obtained mainly via free radical polymerisation or, occasionally, initiated 
by 7-ray irradiation. The process can be carried out in bulk or in an inert solvent such 
as benzene, cyclohexane or other aliphatic hydrocarbons. 
The first random polyketone was prepared by free radical copolymerisation 
of alkenes (ethene and propene) with carbon monoxide.' In a subsequent paper by 
Brubaker2 a variety of alkenes was used such as ethene, propene, 1,3-butadiene, 
vinyl monomers (CH2=CHR; R = Cl, OAc, CN) and tetrafluoroethylene. In addition, 
terpolymers of carbon monoxide, ethene and a second alkene such as propene, 
isobutylene, butadiene, tetrafluoroethylene and vinyl acetate were also prepared 
(Figure 1.2). Various peroxides, hydroperoxides and even oxygen have been used as 
initiators. In a subsequent paper, Brubaker et al 10  described in detail their procedure 
for the free radical polymerisation of carbon monoxide and ethene. The 
polymerisations were carried out under high pressure (103 MPa) and at high 
temperature (120-165 °C) using di(tert-butyl) peroxide as a typical initiator. Random 
polyketones with molecular weights up to 8000 were obtained. The molecular weight 
and the percentage of carbon monoxide in the copolymer was found to depend on the 
conditions used (temperature and pressure) and on the composition of reaction 
mixture. The carbon monoxide content in the polyketone increased with increasing 
total pressure and concentration of carbon monoxide in the reaction mixture, while it 
decreased with increasing temperature. By increasing partial pressures, carbon 
monoxide incorporation approached the limiting value of 50%. However, in all cases 
the resultant polyketones had random structures with the carbon monoxide content 
always less than 50%. 
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Figure 1.2 
In another patent, Hammer" has described the free radical initiated 
terpolymerisation of carbon monoxide and ethene with vinyl esters, vinyl ethers or 
methyl methacrylate. The reactions were performed at 180-200 °C and total gas 
pressure of 186 MPa. A terpolymer containing a CO:C2H 4 :olefin molar ratio of 
3 
10:65:25 was formed. Hammer has also described the formation of copolymers with 
epoxy groups by the free radical initiated polymerisation of carbon monoxide, 
ethene, vinyl acetate and glycidyl methacrylate. A typical CO:C 2H4:vinyl 
acetate:glycidyl methacrylate molar ratio of 10:65:20:10 was observed in the 
polymer product. 12,13 
The free radical initiated copolymerisation of alkenes with carbon monoxide 
in the presence of an alcohol at 130 °C and a combined pressure 8000 atm has been 
reported. 14,  The polymers in which the alcohol had been incoporated in the form of 
a-hydroxy ester groups, [-CH2CH 2C(OH)(COOR)-], were obtained. Other alkenes 
that have been employed are 1-butene, isobutene and butadiene: other alcohols 
include ethanol, isopropanol, tert-butanol and benzyl alcohol. Chemical 
transformations of these polymers include base hydrolysis of the ester group and 
conversion to the amide by the reaction with aqueous ammonia. ' 5 
y-Rays induced copolymerisation of carbon monoxide with ethene was first 
reported in the 1960s. 16,17 The procedure is similar to that using free radical initiators, 
but can be carried out at lower temperature (20 °C rather than 120-165 °C). A 
copolymer product containing 41 mol% of carbon monoxide, molecular weight> 
20000 was observed. 16  'y-Radiation induced copolymerisation of carbon monoxide 
with propene, 1 -butene, isobutene and cyclic hydrocarbons such as cyclohexene, 4-  
vinyl- i -cyclohexene and cyclopentadiene, as well as their terpolymerisation with 
ethylenimine, have also been reported. 18,  Terpolymers have been obtained by the y-
ray induced polymerisation of carbon monoxide, ethene and ethylenimine. The 
reaction was carried out at 17-26 °C. The JR spectrum of the polymer showed 
characteristic bands of both keto and secondary amide groups. On hydrolysis of the 
4 
polymer, -alanine and -aminovaleric acid were obtained. These observations 
indicate the presence of (-CH2CH2CH2CH2NHCO-), (-CH 2CH2NHCO-) and (-
CH2CH2CO-) groups in the polymer backbone. 
1.2.2 Alternating alkene-carbon monoxide copolymers 
The first example of an ethene-carbon monoxide alternating copolymer was 
reported in 1952 by Reppe and Magin,2° who used a nickel(II) catalyst in water at 
100-200 °C and 200 atm. In the 1970s, a number of group VIII transition metal 
compounds were found to catalyse the copolymerisation of alkenes and carbon 
monoxide. The original transition metal catalyst systems employed either Ni(II) and 
Pd(II) cyanides, i.e. Ni(CN) 2, [Ni(CN)4] 27acid (acid = CF3CO2H, p-
CH3C6H4SO3H),20'2 ' Pd(CN)2,22 Pd(CN)2/RCO2H (R = CHC12, CH2C1, CF3),23 
HPd(CN)3 ,24 or neutral tertiary phosphine complexes of Pd(II) such as (PPh 3)2PdC12 
and Pd(PPh3)4. 25 These catalysts were effective at 100-140 °C and pressures of 5.5-
12.4 MPa. 
The early catalyst systems required forcing conditions .20,21  However, in 1987 
Klabunde et a!26'27 showed that polyketone formation is catalysed under mild 
conditions by arylnickel(II) compounds based upon phosphorus-oxygen ligands, 
Ni[Ph2PCH=C(Ph)O](PEt3). Desjardins et a!28 described similarly active arylnickel 
(II) compounds with nitrogen-oxygen chelate ligands. In both cases the unusual 
feature of these catalysts is that the polymerisation must be initially started with 
ethene alone since carbon monoxide acts as a catalyst poison. Once 
homopolymerisation was initiated, carbon monoxide could be introduced into the 
reactor and started alternating ethene-carbon monoxide copolymerisation. This 
problem is circumvented by applying a catalyst formed in situ from thiolcarboxylic 
acids (HSRCO 2H, R = divalent organic group) and nickel compounds described by 
Driessen et aL 29 Domhover et a!30 have recently synthesised arylnickel(II) 
complexes, [Ni(o-to1y1)(PPh 3)(Tp)], [Ni(o-tolyl)(PPh3)(Tp T°")], {Tp is the 
tripodal tris(pyrazolyl)borate ligand}, which is similar to the palladium-phosphine 
complex. The copolymerisations of carbon monoxide and ethene were carried out at 
above 20 °C and below 50 bar total pressure, and perfectly alternating polyketones 
were formed exclusively. The reaction could be started without loss of activity by 
pressuring with carbon monoxide. Morokuma et a131 reported under density 
functional and ab initio MO calculations on polyketone synthesis that the insertion of 
carbon monoxide and ethene occurs with a lower selectivity in the presence of nickel 
complexes than with palladium catalysts. This is consistent with the observation that 
when the nickel complexes are used the homopolymerisation of ethene must be 
initiated before the 1:1 copolymerisation with carbon monoxide can take place. 
Rhodium carbonyl catalysts in polar solvents, e.g. methanol, ethanol, 
ethylene glycol, H20 and AcOH, were found to catalyse the co-oligomersation of 
carbon monoxide and ethene. 32'33 Low molecular weight oligomers having general 
formula H(-CH2CH2CO-)R, {(R = Et, MeO) (n = 2-9)), were produced. Sen and 
Brumbaugh 34  also obtained oligomers (n = 1-4) with Rh(I) catalysts such as 
HRh(CO)(PPh3)3 and C1Rh(CO)(PPh 3)2 under similar reaction conditions (110 °C, 
1000 psi total gas pressure) and ROH/HOAc mixture (ROH = MeOH, EtOH) was 
used as solvent. The co-oligomerisation of carbon monoxide and ethene was also 
observed when Me2CO/H20 or Me3COH/H20 was used as solvent, but no reaction 
was observed in the absence of H 20. 
6 
Sen et al 	showed that the copolymerisation can be carried out under mild 
conditions (25 °C and pressures as low as 2 MPa) in non-coordinating solvents such 
as chloroform and dichioromethane using a series of cationic Pd(II) catalysts, 
[Pd(PPh3)(CH3CN)4 ](BF4)2  (n = 1-3). The resultant polyketones were high melting 
solids (>200 °C) and have a perfectly alternating structure. They have also examined 
the copolymerisation of carbon monoxide with norbornadiene and norbornylene 
using [Pd(PPh3)3(CH3CN)](BF4)2 as a catalyst. 36  The reaction were carried out in 
chloroform at 60 °C with carbon monoxide pressure 800 psi. The norbornadiene-
carbon monoxide copolymer (NBD-CO copolymer, molecular weight = 3380) is 
soluble in chloroform and benzene. The C and H analysis of NBD-CO copolymer 
indicate a CO:NBD ratio of 1.5. From the reaction of norbornylene with carbon 
monoxide the co-oligomer (molecular weight = 350) was obtained and the C and H 
analysis indicated a carbon monoxide to norbomylene ratio of 1:1 (as shown in 
Figure 1.3). 
NBD-CO copolymer 	 norbornylene-CO co-oligomer 
Figure 1.3 Structures of NBD-CO copolymer and norbomylene-CO co-oligomer. 
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The mechanism proposed by Sen et a137 for the copolymerisation of alkenes 
and carbon monoxide as shown in Scheme 1.1. It involves the alternate insertions of 
the alkene and carbon monoxide into a palladium-carbon bond. In the proposed 
mechanism, the insertion of carbon monoxide into the palladium-alkyl bond is 
favoured over the insertion of alkene, due to the higher binding ability of carbon 
monoxide. In addition, carbon monoxide has a higher tendency to insert into 
palladium alkyl bond than alkenes. On the other hand, the insertion of carbon 
monoxide into palladium-acyl bond has never been observed and insertion of the 
alkene is favoured. 




- - I 
	 Co 
Scheme 1.1 Mechanism for the copolymerisation of ethene with carbon monoxide. 
A great advance in the application of Group VIII-transition metal catalyst 
systems for the production of perfectly alternating copolymers of carbon monoxide 
with alkenes was accomplished in the 1980s when Drent and coworkers at She11 403 
discovered that the replacement of monodentate ligands by a bidentate ligand, 
together with the presence of a strong acid, resulted in a significant rate 
8 
enhancement. The new catalysis systems consist of three components: (1) a 
palladium salt of a carboxylic acid such as Pd(OAc) 2, (2) a bidentate ligand, 
R'R2MZMR3R4 where M = P, As or Sb, Z is a divalent organic group containing ~! 
2C in the bridge and R 1 -R4 are hydrocarbon groups, e.g. PPh 3(CH2)3PPh3, and 
PPh2(CH2)3PPh2, (3) an anion of an organic acid with pK a <2, e.g. p- CH3C6H4SO3H 
and CF3CO2I-T. The use of chelating bidentate ligands, especially 1,3-
bis(diphenylphosphino)propane accounts for the high copolymerisation rates and 
long catalytic lifetimes. 44 A standard high productivity catalyst is typically formed in 
situ by the reaction of Pd(II) salts, i.e. [Pd(OAc) 2], with a bidentate phosphorus 
chelating ligand, in the presence of a strong nonhydrohalogenic acid, i.e. p-
toluenesulfonic acid or trifluoroacetic acid. The active complexes of such catalysts 
are bidentate palladium complexes with phosphorus ligands which are believed to 
have a structure as shown in Figure 1. 4 45  In addition, Drent4 ' has examined 
copolymerisation of carbon monoxide with a variety of alkenes and cycloalkenes (2-
1 2C) using the catalyst systems as described above. Other co-monomers included 
styrene, a-methylstyrene, methacrylic acid and their esters and nonconjugated 
dienes. Buijsingh and Lindhout at Shell have also reported  46  a similar catalysis 
system, Pd acetate/ 1, 3  -bis[bis(2-methoxyphenyl)phophino]propane/trifluoroacetic 
acid, for polymerisation of carbon monoxide with ethene. 
9 
RQ P R 
r 'Pd' 
\__ / \ 
R' R 
X = p-CH3 C6H4S03 or CF3 CO2 
R=HorCH 3O 
Figure 1.4 Structure of high productivity Shell type catalyst. 
In recent papers, Koid et a147 ' 48 have reported that the alternating polyketones 
can be produced under mild conditions (60 °C, 100-400 psi) using either 
(dppp)Pd(OAc) 2 or (dppp)Pd[CO'Bu]Cl in the present of the tert-butyl alumoxane 
[(t-Bu)AlO] 6 as a co-catalyst, [dppp = 1 ,3-bis(diphenylphosphino)propane]. 
Terpolymers, [RCHCH2CO] m [CH2CH2CO] n, were also prepared using 1-octene or 4-
phenyl- 1-butene in addition to ethene and carbon monoxide. 47  The maximum level of 
incorporation of a second olefin is m:n = 1:24 (-4%) and this was attributed to the 
steric hindrance of the substituted olefin. Polymerisation has not been observed for 
carbon monoxide and either 1 -octene or 4-phenyl- 1 -butene in the absence of ethene. 
In recent studies, Jiang 49 and Verspui 5° reported the synthesis of water 
soluble Pd(II) compounds that catalyse the alternating copolymerisation of alkenes 
and carbon monoxide in an aqueous medium. The water soluble compounds, 
[Pd(dppp-S0 3K)(H20)2] (BF4)2, [Pd(phen-S03Na)(H20)2](BF4)249 and [Pd(dppp-
S03Na)] in the presence of Brønsted acid cocatalyst, 5° {dppp-S03K = C3H6-1,3- 
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[P(C6H4-m-SO3K)2]2, dppp-S O3Na = C3H6- 1,3 - [P(C6H4-m-SO 3Na)2]2 and phen-
S03Na = disodium salt of 4,7-diphenyl- 1,1 0-phenanthroline disulfonic acid), were 
effective catalysts. The initiating species in the copolymerisation reactions were a 
palladium-hydride complex, [PdH(dppp-S0 3Na)(L)], (L = H20, MeCN, anion or 
monomer). Initiation took place by alkene insertion into the palladium-hydride bond, 
followed by insertion of carbon monoxide into a palladium-alkyl bond. 
Recently, it has been reported that the stereoselectivity of alternating a-
olefin-carbon monoxide copolymers can be controlled by a suitable choice of 
ligands. Examples of such catalysts reported in scientific papers are outlined below. 
As a-olefin-carbon monoxide copolymers contain stereogenic centres along 
the polymer backbone, optically active polymers with main chain chirality are 
possible. At high molecular weight, a syndiotactic a-olefin-carbon monoxide 
copolymer chain shows low optical activity since the absolute configuration of the 
stereogenic centres in the backbone assumes an alternating sequence, i.e 
( ... RSRSRS ... ) (as shown in Figure 1.5). In contrast, the stereogenic centres in an 
isotactic alternating copolymer have the same configuration, i.e. ( ... RRRRR ... ) or 
( ... SSSSS ... ), thus optically active, isotactic alternating copolymers of a-olefin and 
carbon monoxide are possible. 5 ' 
Two approaches have been examined to achieve a regioregular insertion of 
the vinyl monomer: the use of chiral ligands and the use of ligands having different 
steric and electronic requiments. 5 ' 56 The occurence of living alternating 
copolymerisation of styrene or p-tert-butylstyrene with carbon monoxide in aprotic 
solvents was investigated by using palladium(II) catalysts, [(N-N) 
PdCH3(CH3 CN)][BAr'41 -, { (N-N) = 1,1 0-phenanthroline, 2,2'-bipyridine, 2,2' - 
11 
bipyrimidine; Ar' = 3,5-(CF3)2C 6H3 -}. The resulting polymers exhibited a narrow 
polydispersity (MW/M, -1) and substantial stereoregularity. Carbon monoxide-(p-tert-
butyl)styrene copolymer showed a high stereoregularity (ca. 85%) with a 
syndiotactic microstructure, while the use of a C 2-symmetric bis-oxazoline gave rise 
to highly isotactic, optically active carbon monoxide-(p-tert-butyl)styrene 





Ph H 	Ph H 
Isotactic 
Figure 1.5 The syndiotactic and iosotactic structures for the alternating styrene- 
carbon monoxide copolymers. 
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The complexes [Pd(N-N)(CH 3CN)2](BF4)2, (N-N = phenanthroline and 
substituted derivatives) in the presence of 1 ,4-benzoquinone were found to catalyse 
the syndiotactic copolymerisation of styrene with carbon monoxide as well as 
terpolymerisation of carbon monoxide, styrene with a second olefin such as ethene, 
propene, co-undecylenyl alcohol, co-methyl undecylenate and 4-methyistyrene, and 
terpolymerisation of carbon monoxide, ethene with propene. 14,1'  The highest 
syndiotacticity (90%) was achieved by using 5-nitro- 1,1 0-phenanthroline as ligand in 
a styrene-carbon monoxide copolymer. 55  The steroregularity of styrene-carbon 
monoxide copolymers were found to depend on the ligand attached to the Pd(II) and 
on the presence of a substituent close to the olefinic functionality. 54 The presence of 
substituents on the ligand resulted in a decrease in syndiotacticity, especially the 
degree of tacticity of 4-methyistyrene-carbon monoxide copolymers which decreased 
on using 3 ,4,7,8-tetramethyl- 1,1 0-phenanthroline or 4,4'-dimethyl-2,2'-bipyridine as 
ligands. It is possible therefore to control the syndiotacticity through steric effects of 
substituents. 
The complex [Pd(Me-DUPHOS)(MeCN) 2}(BF4)2, {Me-DUPHOS = 1,2-
bis(2,5-dimethylphospholano)benzene}, was found to catalyse the alternating 
copolymerisation of carbon monoxide and aliphatic ct-olefins such as propene, 1-
butene and 1 -heptene with highly enantioselectivity to form optically active, isotactic 
polymers. 51,56  The degree of stereoregularity (percentage of isotactic RRR/SSS triad) 
in propene-carbon monoxide copolymer was found to exceed 95% and the 
enantiomeric excess in either the R or S copolymer was higher than 90%. The 
copolymer showed a mixture of 1,4-ketone and spiroketal structures along the 
polymer backbone (as shown in Figure 1.6). Under some conditions an interchange 
13 
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Figure 1.6 Repeating units present in alternating a-olefin-carbon monoxide 
copolymers. 
1.3 	Properties and Applications of Polyketones 
Polyketones are new thermoplastic materials with interesting properties. 
Among these are a strong rigidity, impact strength, good chemical resistance to acids, 
bases and solvents, as well as high resistance and stability against electrolytic 
corrosion. Polyketones are therefore considered to be superior in some respects to 
polyolefins, polyamides and polyacetals. 45 ' 57 
The chemical resistance of polyketones can be attributed to their low 
solubility in many common organic solvents because of their high crystallinity. They 
are only soluble in solvents having high polarities and acidities like m-cresol, o-
chlorophenol, hexafluoroisopropanol, and in strong acids such as trifluoroacetic acid. 
Their excellent barrier properties to hydrocarbons and gases make them attractive for 
applications which require combined chemical resistance and low permeability, 
together with high mechanical resilience and abrasion resistance. 
14 
Polyketones also have potential in food-packaging applications, and are 
reported to satisfy food-preservation requirements. Their high impact resistance, 
dimensional stability under heating, compatibility with other polymers used in food 
packaging, e.g. nylon, polycarbonate, ethylene-vinyl alcohol copolymers, and the 
barrier properties are similar to those of poly(ethylene terephthalate) (PET), which is 
widely used for manufacturing bottles for mineral water and carbonated drinks. Their 
high melting temperature (E-CO copolymer Tm = 250 °C) may also lead to 
applications in the automotive industry, e.g. parts of vehicles that are in permanent or 
temporary contact with fuel above room temperature. 
Polyketones are more photodegradable than the corresponding polyalkenes 
because the carbonyl groups in the polymer backbone can absorb ultraviolet light and 
induce scission of the polymer chain by Norrish type I (1) and type 11 (2) processes 
(Scheme 1 Photolysis of polyketones is reported to result in weight loss, 
crosslinking and the formation of hydroxide and terminal vinyl groups. At room 
temperature, chain cleavage can be induced by UV radiation and follows Norrish 
type II process with the formation of methyl and vinyl end groups. Since the Norrish 
type II reaction requires the presence of 7-hydrogens, the alternating polyketones 
which lack these hydrogens, e.g. ethene-carbon monoxide alternating copolymers, 
are substantially more stable towards photolysis at room temperature. At elevated 
temperature, the acyl radicals formed in the reaction (1) are expected to 
decarbonylate with evolution of carbon monoxide. 
15 
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Polyketones,, both random and alternating, have two reactive sites, i.e. the a-
methylene and carbonyl groups (Figure 1.7). However, the alternating polyketone 
has two significant attractions over the random polyketone. Since carbon monoxide 
cannot be homopolymerised, the alternating 'polyketone comprises the highest 
(2) 
possible concentration of carbonyl groups in the polymer backbone. Additionally, the 
carbonyl groups in the alternating polyketones can either react as 1 ,4-dione units or 
as isolated ketone groups. In particular, the regular 1 ,4-dione unit in the alternating 






Figure 1.7 The structure of alternating ethene-carbon monoxide copolymer showing 
the reactive sites. 
1.4 	Review of Reactions 
Because of the reactive carbonyl groups, the polyketones, both random and 
alternating polyketones, provide excellent starting materials for preparation of other 
types of functionalised polymers. Historically, early work concentrated on random 
polyketones, but recently there has been particular interested in alternating 
polyketones. 
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1.4.1 Reactions of random polyketones 
More than twenty types of functionalised polymers have been produced 
starting with the random polyketones. Some of these are showed in Scheme 1.3. 
Typical reactions of the random polyketones are associated mainly with the reactivity 
of isolated carbonyl groups. 
The random ethene-carbon monoxide (C2H4-CO) copolymer with mole ratio 
29.6:1 was hydrogenated at high pressure (100 MPa) and high temperature (181-188 
°C) by using copper chromite catalyst.' ° The carbonyl groups were converted almost 
quantitatively to secondary alcohols without cleavage of the polymer chains. Also, 
zinc chromite and nickel chromite have been used as catalyst for hydrogenation of 
polyketones. 58 In a subsequent patent, Wayn 59 described the conversion of the 
resultant polyalcohol (1), derived from C 21-14-CO copolymer containing C/OF! ratio 
12/1, to polymeric esters by esterification with linseed oil fatty acids under N2 
atmosphere at 200-210 °C using xylene as solvent. 
Cellular polyurethane foams have been prepared by treatment of the 
polyalcohol derived from C 2H4-C3H6-CO terpolymer with diisocyanates, e.g. 2,4-
tolylene diisocyanate. 6° 
The sodium borohydride reduction of a C21-14-CO copolymer, formed by y-ray 
or 2,2'-azobisisobutyronitrile (AIBN) induced copolymerisation, has also been 
described . 61 The 1 ,2-diol content of the polyalcohol was found to be rather small 
(1.2-1.6 mol%). The resulting polyalcohol was also converted to polyacetate, 
polyformate and polytrifluoroacetate by the reaction with the corresponding acids. 
A polyalcohol has also been prepared by hydrogenation of the C21-14-CO 
copolymer containing approximately 49 mol% of CO, produced from free radical 
18 
copolymerisation. 62 The reaction was carried out by using ruthenium supported on an 
cc-alumina pellet in 1,3-dioxane/water (8/2) mixed solvent at 130 T. The resulting 
polyalcohol exhibited improved properties as a high oxygen gas barrier film for 
wrapping and packaging, compared with ethene-vinyl alcohol copolymers. 
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Scheme 1.3 Some reactions of random polyketones.' ° '58'63 'M  
The polycyanohydrin (2) has been prepared by treating the C2114-CO 
copolymer, mole ratio of 2.4:1, with excess hydrogen cyanide in the present of 
potassium cyanide. About 80% of the carbonyl groups were converted to their 
cyanohydrin derivatives. 10 
Oxidation of C2114-CO copolymers with nitric acid resulted in chain cleavage 
and formation of polyethylene dicarboxylic acids (3) with chain lengths (n) varying 
from ito 5. 
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The oximation of the random C 21114-CO copolymer, mole ratio of 1.5:1, with 
an aqueous solution of hydroxylamine afforded polyoxime derivative (4)10  It was 
found that 78% of the ketone groups had been converted to oximes. 
Polyamides (5) have been prepared from the random C2H4-CO copolymer, 
mole ratio of 11.6:1, in two ways. 63  Direct conversion was carried out via a Schmidt 
reaction, using hydrazoic acid and sulfuric acid. Indirect conversion was performed 
by Beckmann rearrangement of the polyoxime using phosphorus pentachioride. The 
polyamides prepared by these two different routes exhibited JR spectra very similar 
to that of polycaprolactam. It was concluded that the phosphorus pentachioride-
induced rearrangement had occurred without significant chain scission since the 
solution viscosities of the two polyamides were identical. The addition of an excess 
of hydrazoic acid to the random copolymer resulted in the partial formation of 
tetrazole units (6).63 
The reductive amination of the carbonyl groups in the random polyketones 
has been accomplished using ammonia, various primary amines (e.g. methylamine, 
ethylamine, ethanolamine and octadecylamine) or secondary amines (e.g. 
dimethylamine, diethylamine, pyrrolidine and morpholine). 6466 Typical 
hydrogenation catalysts such as Raney nickel, supported nickel and palladium, 
reduced cobalt oxide and copper chromite can be used. Typical reactions were 
carried out at temperature of 200 °C and total pressure 15-60 MPa. Using a 
sufficiently high temperature was the most important factor for the formation of 
poly(primary amine) (7, R = Fl) because at low temperature interchain secondary 
amine groups can be formed. Therefore, an excess of ammonia was used to repress 
secondary amine formation. The resulting polyamines have been converted to 
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various derivatives such as polyamine salts, polyamine oxides, polymeric amides, 
polyureas and polythioureas. 64 '66 
Polyamines have also been prepared by treating C21-14-CO copolymers 
containing CO 32 mol% with paraformaldehyde and ammonium or amine salts of 
primary or secondary amines. 67  The advantage of this procedure over reductive 
amination is simplicity, as high pressure and catalyst are not required. In addition, a 
Mannich condensation has been carried out on C 2H4-C3H6-CO terpolymer by treating 
with 1 ,6-diaminohexane, (polypropenyl)benzenesulfonic acid and paraformal-
dehyde. 68 A polymer containing pendant hydantoin groups has been prepared by 
treating C 21-14-CO copolymer in dioxane or isopropanol with (NH4)2CO3 and 
NaCN. 69 Polythiols have been made by the reductive thiolation of C2H4-CO 
copolymer and C 2H4-C3H6-CO terpolymer with H2/S at 75-300 °C and 500-900 atm 
in the presence of hydrogenation catalyst such as cobalt sulfide. 70  Polynitriles have 
been prepared from C 21-14-CO copolymer and C2FL4-C3H6-CO terpolymer by reaction 
with acrylonitrile in the presence of an alkali condensing agent such as 
trimethylbenzylanimonium hydroxide (PhCH 2 NMe3 Off) at 30-40 oCI  Alkene-CO 
copolymers were treated with PC13 or (RO)2POC1 and either AcOH or Ac20 afforded 
polymers containing cx-hydroxyphosphonic acid groups or their corresponding 
dialkyl esters. 71  Polymers containing vicinal-dioxime groups in the backbone have 
been prepared from C21-1 4-CO copolymers by nitrosation of the a-methylene groups, 
followed by oximation of the carbonyl groups. 72,73  Allylated polyketones have been 
prepared from the C 2H4-C3H6-CO terpolymer by allylation with allyl halide in the 
presence of a strong inorganic base, e.g. KOH, in an inert solvent such as dioxane at 
temperatures of 40-120 °C. 74 Finally, thermosetting polybisphenols have been 
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prepared from the C21-14-CO (2.5:1 molar ratio) copolymer by condensing with a 
phenolic compound in acidic media (H3PO 4 or p-toluenesulfonic acid) and in basic 
media (Et3N) and followed by partially methylolating the phenolic groups of the 
condensate with paraformaldehyde in methanol. 75 
1.4.2 Reactions of alternating polyketones 
The carbonyl groups in the alternating polyketones can react as isolated 
carbonyl groups, 1 ,4-dione units and 1 ,4,7-trione units. Examples of such reactions 
are outlined below and in Scheme 1.4. 
1.4.2.1 Reactions of the isolated carbonyl groups 
Polydioxolane derivatives (8) have been prepared by acid catalysed 
condensation of alternating ethene-carbon monoxide copolymer (E-CO) and ethene-
propene-carbon monoxide terpolymer (EP-CO) with 1 ,2-diols. 768° These 
polydioxolane derivatives have also been used as starting materials for preparing 
dithiolane-, dithiane- and oxathiolane-containing polymers [(9), (10), (11)1 via 
transketalisation by reacting with ethane- 1 ,2-dithiol, propane- 1,3 -dithiol and 2-
sulfanylethanol, respectively. Because direct condensation of the alternating E-CO 
copolymer with 1,2-dithiol and 1,3-dithiol was unsatisfactory and the resultant 
polymers were insoluble, this was attributed to crosslinking. 76 The resulting 
polymers had good solubility in a range of organic solvents when compared with the 
starting polyketones. 
Polyketoximes (12) have been prepared by oximation of the alternating E-CO 
and EP-CO copolymers with hydroxylamine under neutral conditions. 81  The reaction 
22 
occurred exclusively at the individual carbonyl groups and the resultant polymers 
exhibited a high conversion of the carbonyl groups to ketoximes. These 
polyketoximes showed much improved solubility and moderate thermal stability. 
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Scheme 1.4 Some reactions of the isolated carbonyl groups. 76,81,84 
Polyalcohol derivatives (13) have been prepared from the alternating E-CO 
and P-CO copolymers by catalytic hydrogenation with Raney nickel catalyst or 
reduction with a metal hydride (XYH4 where X = Li, Na or K and Y = Al or 
B). 82' 83 '84 The catalytic hydrogenation was carried out by using hydrogen and Raney 
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nickel catalyst in THF at 60 oc84  Under these conditions, 60% of the carbonyl 
groups were reduced. Furthermore, using a more powerful reducing agent (LiA1H 4 , 
at room temperature) 85% of the reduction of the carbonyl groups was achieved. 
Surface derivatisation of polyketones has been achieved by treating the polyalcohol 
resulting from reduction a polyketones with LiA1H 4, with aminosilane. 85 
1.4.2.2 Reactions of 1,4-dione units 
Poly(ethylene-2,5-thiophenediyl) derivative (14) has been prepared from the 
alternating E-CO copolymer by using Lawesson's reagent or phosphorus 
pentasulfide. 84 Phosphorus pentasulfide and the copolymer are insoluble in most 
organic solvents and consequently the conversions were low (15%). In contrast, the 
reaction of the copolymer with Lawesson's reagent in chlorobenzene at 135 °C under 
inert atmosphere led to the total dissolution of both the reagent and the copolymer. 
About 75% of the carbonyl groups were converted to thiophene units. The 
polythiophene was stable and soluble in common organic solvents such as 
chloroform and methylene chloride when stored under nitrogen, but it changed to an 
insoluble elastomer when exposed to air for a month, presumably due to 
intermolecular coupling of residual thiol groups. 
Kiji et a! 86  reexamined the use of phosphorus pentasulfide (P 255) to modify 
the alternating copolymers of carbon monoxide and styrene or p-tert-butylstyrene 
instead of Lawesson's reagent under the same conditions, but the levels of 
modification were not reported. 
The alternating P-CO copolymer has been modified to poly [propylene-(3-
methyl-2,5-furandiyl)] (15) by using phosphorus pentoxide in chlorobenzene under 
24 
nitrogen atmosphere at 115-135 °C. About 70-90% of the carbonyl groups were 
converted to furan units. 84  The resultant polymer was soluble in common organic 
solvents. Also, the CO-styrene and CO-(p-tert-butyl)styrene copolymers have been 
modified by treating with phosphorus pentoxide (P20 5) under the same conditions. 86 
(15) 
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R' = n-Pr, n-Bu, 
n-C6H13, 
Ph,Bn 
Scheme 1.5 Some reactions of 1 ,4-dione units. 84,86-90 
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Poly(ethylenepyrrole) derivatives (16) have been produced by condensation 
of the alternating E-CO, CO-styrene and CO-(p-tert-butyl)styrene copolymers with 
primary amines (RNH2, R = i-Pr, t-Bu, n-C 61-1 13 , Ph, PhCH2, p-C1061-14, p-MeC61-14) 
upon boiling under an inert atmosphere. 86-90 Typically 86% of the carbonyl groups 
were converted to pyrrole units. These levels of modification are consistent with a 
mechanism in which 1 ,4-dione units were cyclised randomly along the copolymer 
chain. The relative reactivity of this cyclisation reaction appears to be dominated by 
the steric effect of the amines. The resultant derivatives showed good stability and 
good solubility in many organic solvents when compared with the starting 
polyketones. Poly(ethylenepyrrole) derivatives were found to become electronic 
conductors upon doping with iodine. 90  A similar polymer containing pyridine units 
has been prepared by treating E-CO copolymer with 4-aminomethylpyridine in 50:50 
PhMe-PhCl mixed solvent under reflux. 9 ' 
Graft copolymerisation of EP-CO terpolymers with vinyl monomer such as 
styrenes, acrylates and methacrylates has been described by Ash et al. 92  In a typical 
procedure, the terpolymer was mixed with styrene and irradiated with 60Co 7-ray to 
afford a copolymer with grafting efficience (monomer grafted/total monomer) was 
78%. 
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1.4.2.3 Reaction of 1,4,7-trione units 
A polymer containing a unique spirofused group [1,2,7,8-tetraazaspiro[5.5] 
undecane] in the backbone have been prepared from the alternating E-CO copolymer 
by reacting with hydrazines in methanol at 60 °C (Scheme 1.6) . 89  Almost 100% of 
the carbonyl groups reacted. This value is higher than would be expected if the 
hydrazines attack randomly at any three adjacent carbonyl groups along the polymer 
chain; The higher conversion of the carbonyl groups was attributed to the reaction 
starting at the end of the copolymer chain and progressing toward the middle as the 
derivatised polymer segment dissolved. The resultant polymers showed superior 
solubility when compared with the starting copolymer. 
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2. 	RESULTS AND DISCUSSION 
2.1 	Introduction 
Alternating alkene-carbon monoxide copolymers (polyketones) are a new 
polymer system containing functional groups that can be modified. The carbonyl 
groups in the polymer backbone provide opportunities for functionalisation since 
these groups can react as isolated carbonyl groups, 1 ,4-dione units and 1 ,4,7-trione 
units. Reaction should also be possible at the adjacent a-methylene groups. 
carbonyl group a-methylene group 
1,4-dione unit 
The objectives of this research were to investigate the chemistry of 
alternating polyketones by studying the reactions of the carbonyl and cx-methylene 
groups in the alternating ethene/propene-carbon monoxide (E-CO and EP-CO) 
copolymers, and thus prepare new polymers. 
Before attempting modification of the polyketones themselves, preliminary 
studies were carried out with model 1 ,4-diones in order to develop synthetic 
techniques that could be used with the alternating copolymers and to provide well 
defined model systems for comparison purposes. Hexane-2,5-dione (17) and 
undecane-3,6,9-trione (18) were selected as the model compounds containing the 





and undecane-3,6,9-trione can either react individually or as 1,4-dione units 
depending on the reagents and reactant ratios employed. It is easier to study chemical 
reactions of alternating alkene-carbon monoxide copolymers [E-CO (19), EP-CO-
1%P (20) and EP-CO-15%P (21)] by comparison with model reactions of hexane-






(19)m= 1.00, n=0.00 
(20) m = 0.99, n = 0.01 
(21)m=0.85, n=0.15 
Although less readily available, it was anticipated that undecane-3,6,9-trione 
would be a better model compound since each carbonyl is flanked by methylenes 
whereas hexane-2,5-dione has adjacent methyl groups. For example, the ' 3C-NMR 
data shown in Table 2.1 for the signals for carbonyl and methylene carbons of 













35.92, 35.64, 35.49 
3579a 
a sif!nals for (-C I-f 1-CI-I-CO- iinitc 
Table 2.1 
2.2 	Synthesis of Undecane-3,6,9-trione 
Although hexane-2,5-dione is commercially available undecane-3 ,6,9-trione 
(18) is not. The route selected for its synthesis is based on that reported by Ballini et 
al. 93  Ethyl vinyl ketone was treated with nitromethane in the presence of basic 
alumina to afford 6-nitroundecane-3,9-dione (22). The reaction is believed to involve 
as the key steps conjugate additions to ethyl vinyl ketone of NO 2CH2 and nitronate 
anion (23) as illustrated in Scheme 2.1. Subsequent base-promoted oxidation of 
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A1203 , 0 °C -* r.t., overnight 
H202/K2CO3/MeOH, 0 °C -)~ r.t., overnight 
Scheme 2.1 
2.3 	Alkene-dioxolane Copolymers 
2.3.1 1,3-Dioxolane model compounds 
The 1 ,3-dioxolanes were prepared by acid-catalysed condensation of hexane-
2,5-dione with alkane- 1 ,2-diols in toluene. In a typical reaction a solution of hexane-
2,5-dione and toluene-p-sulfonic acid in toluene was heated under reflux with an 
excess of ethane-1,2-diol, using a Dean-Stark trap, until formation of water was 
complete. After washing the resulting solution with 0.2% NaOH (aq.) and with brine, 
drying (MgSO4) and removal of the solvent, the crude product was distilled in vacuo 




(24) R = H, (25) R = Me, (26) R = Et, (27) R = n-Bu 
2,5-Bis(4-methyl- 1 ,3-dioxolane-2-spiro)hexane (25), 2,5-bis(4-ethyl- 1,3 - 
dioxolane-2-spiro)hexane (26) and 2,5-bis(4-butyl- 1,3-dioxolane-2-spiro)hexane (27) 
were prepared similarly in 75, 61 and 62% yields, respectively. 
Compounds (25), (26) and (27) each contain four chiral centres at positions 2, 
4, 2', 4'. Therefore each product consists of ten compounds: two meso compounds; 
SSRR (RRSS) and SRRS (RSSR); and four pairs of enantiomers; SSSS - RRRR, SRRR 
(RRSR) - SSRS (RSSS), RRRS (RSRR) - SRSS (SSSR) and RSRS - SRSR. This is 
reflected in the complexity of their NMR spectra, e.g. there are four signals for the 
quaternary carbons (C-2,2') at 110.01, 109.94, 109.86, 109.79 ppm, four signals for 
methylene carbons adjacent to (C-2,2') at 34.32, 33.96, 33.60, 33.14 ppm and for the 
methyl carbons adjacent to (C-2,2') at 25.04, 24.96, 24.33, 24.24 ppm for 2,5-bis(4-
methyl-1,3-dioxolane-2-spiro)hexane (25). 
The mass spectrum of 1,2-bis(4-methyl-1,3-dioxolane-2-spiro)hexane (25) 
exhibited only a small molecular-ion [M] peak (in/z 230), but the MH (m/z 23 1) ion 
formed by an ion-molecular reaction can be used for molecular weight information. 94 
Characteristic fragment ions are detected at in/z 215 and 101. These are attributed to 
resonance-stabilised oxonium ions formed by n-cleavage pathways (1) and (2) 
32 
(Scheme 2.2). The alternative 13-cleavage pathway (3) is not observed. The 
compounds (26) and (27) showed similar mass spectra with MH peaks at m/z 259 
and 315, respectively. A characteristic peak at m/z 41 corresponding to MeC=CH2 
was observed for each product. 
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3,6,9-Tri(1,3-dioxolane-2-spiro)undecane (28) was prepared similarly in 81% 
yield from undecane-3,6,9-trione and ethane-1,2-diol. The infrared spectrum of the 
product showed a strong absorption band of C-O at 1073 cm. In the ' 3C-NMR 
spectrum there are characteristic signals at 111.63, 111.15 ppm for the quaternary 
carbons, at 64.83, 64.78 ppm for the methylene carbons of the dioxolane rings, at 
30.99, 30.44, 29.74 ppm for the methylene carbons and at 7.94 ppm for the methyl 
carbons. The mass spectrum showed only a very weak molecular-ion peak m/z 330, 
33 
but the molecular weight could be deduced from the IvH{ ion (m/z 331). 














2.3.2 Alkene-dioxolane copolymers 
The technique used successfully for the preparation of the model dioxolanes 
was used to prepare alkene-dioxolane copolymers. In a typical reaction a suspension 
of EP-CO-1%P in toluene in the presence of toluene-p-sulfonic acid was heated 
under reflux with an excess of ethane- 1 ,2-diol, using a Dean-Stark trap, until all the 
water had evolved. Washing the resulting solution with 0.2% NaOH (aq.) and with 
brine, drying (MgSO 4) and removal of the solvent and the excess ethane- 1 ,2-diol 
afforded a pale yellow solid which was purified by precipitation from chloroform 
solution by adding methanol. Under the conditions employed the polyketone starting 
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material did not dissolve in toluene, but after the mixture was heated for a few hours 
a pale yellow homogeneous solution was gradually produced. This indicates that 
reaction took place as the derivatised polymer segments dissolved. 
0 OR 
(3 1) R' = H, (32) R' = Me, (33) R' = Et, (34) R' = n-Bu 
The structure of poly [(l ,3-dioxolane-2-spiro)trimethylene]-co-[1 -(1,3-
dioxolane-2-spiro)-3 -methyltrimethylene] (31) was established from its 
spectroscopic properties. The complete conversion of the carbonyl groups is 
discernible from the absence of peaks at 6c  210-208 ppm and in the infrared 
spectrum at 1690 cm -1 . In the 13C-NMR spectrum (Figure 2.1) there are characteristic 
absorptions for the heterocyclic ring at 111.05 (C-2) and 64.74 (C-4,5) and 30.93 
ppm for the methylene carbon of the polymer backbone, compared with 109.66 (C-
2), 64.60 (C-4,5) and 23.74 ppm (methylene carbon) for the model compound (24) 
and 111.63, 111.15 (C-2), 64.83, 64.78 (C-4,5) and 30.99, 30.44, 29.74 ppm (C-
b,c,d) for the model compound (28). Signals for the 1% propene units were not 
detected. 
Condensation of EP-CO-1%P with propane-, butane- and hexane-1,2-diols 
afforded copolymers (32), (33) and (34) as pale yellow gums which incorporated 4-
methyl, 4-ethyl- and 4-butyl-1,3-dioxolane units, respectively. The structures of the 
polymer products were determined from their spectroscopic properties. The infrared 
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spectra of these products showed strong absorptions for C-O at 1106-1095 cm-I . A 
very weak absorption at 1690 cm -1 indicated that traces of carbonyl groups remain 
unreacted. 
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Figure 2.1 13C-NMR spectrum of alkene-dioxolane copolymer (31) 
In the 13C-NMR spectrum of polymer product (32) formed from EP-CO-1%P 
and propane-1,2-diol there are resonances at 209.80; 208.83 and 208.74 ppm for the 
residual carbonyl carbons, at 111.42, 110.88 and 110.35 ppm for C-2, at 77.10, 
72.28, 72.01 and 68.01 ppm for C-4, at 71.17 and 67.80 ppm for C-5, at 37.16, 36.79, 
35.87, 31.79, 31.64 and 31.31 ppm for methylene carbons and at 18.68 and 18.09 
ppm for methyl carbons. The higher frequency methylene signals (37.16, 36.79, 
35.87 ppm) were assigned to the methylene carbons which are adjacent to the 
36 
unreacted carbonyl groups by comparison with methylene carbon in the starting 
material (35.80 ppm). The lower frequency methylene signals (31.79, 31.64, 31.31 
ppm) were assigned to the methylene carbons which are adjacent to dioxolane units 
by comparison with the methylene carbons (34.32, 33.96, 33.60, 33.13 ppm) of the 
model compound (25). The multiple signals for the carbonyl carbons indicate that 
there are at least three different environments of carbonyl groups in the backbone as 
shown in Figure 2.2, according to the signals at 37.16, 36.79 and 35.87 ppm for the 
methylene carbons. This is confirmed by the similar intensities of carbonyl and 
methylene carbons. The other signals are more complex since there are two chiral 
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Figure 2.2 Different environments of unreacted carbonyl groups. 
The 13C-NMR spectra of the polymer products (33) and (34) formed by 
reaction of EP-CO- 1 %P with butane- and hexane- 1 ,2-diols were similar to those of 
the polymer (32). They showed characteristic peaks of dioxolane units and very weak 
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From the 13C-NMR spectra of these alkene-dioxolane copolymers, it was 
found that 100% of carbonyl groups in the EP-CO-1%P copolymer were converted 
to dioxolane units by condensation with ethane- 1 ,2-diol. On the other hand, the 
corresponding condensations of the copolymer with propane-, butane- and hexane-
1 ,2-diols were not complete, even when carried out for a longer period. The carbonyl 
to dioxolane conversions for the three alkyl-1,2-diols were estimated by 13C-NMR 
spectroscopy as 96, 86 and 92%, respectively. The incomplete reaction in these cases 
is attributed to steric factors. Additionally, the multiple signals for the unreacted 
carbonyl and methylene carbons which are adjacent to the unreacted carbonyl groups 
indicates that condensation had taken place randomly along the EP-CO copolymer. 
Compared with the starting material, these alkene-dioxolane copolymers 
exhibit good solubility in common organic solvents such as chloroform and 
dichloromethane. 
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2.4 	1-Hydroxyiminotrimethylene Polymers 
2.4.1 2,5-Bis(hydroxyimino)hexane and 3,6,9-tris(hydroxyimino)undecane 
model compounds 
The model compound 2(E),5(K)-bis(hydroxyimino)hexane (35) was 
synthesised by two procedures. Firstly, hexane-2,5-dione was treated with an 
aqueous solution of hydroxylamine for 3 days. Removal of inorganic salts by 
washing with water and drying in vacuo afforded the product in 88% yield. In the 
second method a solution of hydroxylamine in pyridine was used instead of an 
aqueous solution and the reaction time was 6 h. In this case the yield was 72%. 
3,6,9-Tris(hydroxyimino)undecane (36) was prepared similarly by treatment 
undecane-3,6,9-trione with hydroxylamine in pyridine. The product was obtained as 
a white solid in 27% yield. 
HO 





In the 13 C-NMR spectrum of trioxime (36) there are characteristic peaks at 
158.94, 158.78 and 157.36 ppm for the oxime carbons, at 30.42, 29.84, 26.92, 23.32, 
23.08 and 20.45 ppm for the methylene carbons and at 10.93 and 10.09 ppm for the 
methyl carbons. The signals at 30.42, 29.84 ppm are assigned to the cc-anti 
methylene carbons (C-4,5,7,8) flanked by methylene and oxime groups and at 26.92 
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ppm to a-anti methylene carbon (C-2,10) adjacent to methyl group by comparison 
with the published dat25 for 3 -hydroxyiminopentane (a-anti 27.1, a-syn 21.0 ppm in 
CDC13). The corresponding a-syn methylene signals were detected at 23.32 and 
23.08 ppm (C-4,5,7,8) and at 20.45 ppm (C-2,10). Peaks at 10.93 and 10.09 ppm 
were assigned to the methyl carbons adjacent to cc-anti and a-syn methylene groups, 
respectively. 
2.4.2 1-Hydroxyiminotrimethylene polymers 
Poly [(1 -hydroxyiminotrimethylene)-co-(I -hydroxyimino-3 -methyltri-
methylene)] (37) and (38) were prepared by oximation of EP-CO (1%P and 15%P) 
copolymers with hydroxylamine under neutral conditions. In a typical reaction a 
mixture of EP-CO in toluene-methanol (1:1) was treated at room temperature with an 
excess of aqueous hydroxylamine (molar ratio of EP-CO and hydroxylamine was 
1:4). The resulting solid was isolated by filtration and washed with water, THF and 
dried in vacuo. The polymer product from EP-CO-l%P was a white powder and 
from EP-CO-15%P was a pale yellow powder. Although the starting material is not 
soluble, it was seen to swell during the course of the reaction. It is therefore possible 
that this creates an environment for the reaction between carbonyl groups and 
hydroxylamine. 
(37) in = 0.99, n = 0.01, (38) in = 0.85, n = 0.15 
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The products were identified 	from 	their 	spectroscopic properties 	by 
comparison with 	those of 	2,5-bis(hydroxyimino)hexane 	(35) and 	3,6,9- 
tris(hydroxyimino)undecane (36). The conversion of the carbonyl groups in EP-CO-
l%P to oximes is discernible from the infrared spectrum in which the carbonyl 
absorption at 1690 cm-1 in the starting material is replaced by OH and C=N 
absorption bands and at 3208 and 1650 cm' 1 , respectively. In the 13 C-NMR spectrum 
of the polymer product (37) (Figure 2.3) there are signals at 157.50, 157.44, 157.36 
and 157.28 ppm for the oxime carbons and at 30.17, 29.30, 24.24, 24.10, 23.25 and 
23.12 ppm for the methylene carbons, compared with 154.62 ppm (C=N) and 32.22 
ppm (CH2) for 2,5-bis(hydroxyimino)hexane (35) and 158.94, 158.78, 157.36 ppm 
(C=N) and 30.42, 29.84, 26.92, 23.32, 23.08, 20.45 ppm (CH2) for 3,6,9-
tris(hydroxyimino)undecane (36). The higher frequency methylene signals (30.17, 
29.30 ppm) were assigned to the a-anti carbons by comparison with published data95 
for 3-hydroxyiminopentane (a-anti 27. 1, a-syn 21.0 ppm in CDC13). 
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The absence of a signal at 210-208 ppm for the carbonyl carbon of the EP-
CO indicates a high degree of carbonyl to oxime conversion. The multiple signals for 
the oxime and methylene carbons is evidence for the presence of syn and anti oxime 
units in the polyketoxime. For example, in the 2,5,8-tris(hydroxyimino)nona-
methylene fragment shown in Figure 2.4 the central oxime carbon can be flanked by 
syn-anti, syn-syn, anti-anti and anti-syn combinations of neighbouring oximes, in 
accordance with the four C=N signals in the spectrum. Likewise there are four 
combinations for the a-syn methylene carbons: 13-syn,a-anti-a-yj, 13-anti; 13-syn,a-
anti-a-yji, 13-syn; 3-anti, a-anti-a-yj 13-anti; 13-anti, a-anti-a -yyjj,  13-syn, 
corresponding to the four signals at 24.24, 24.10, 23.25 and 23.12 ppm. The 
corresponding cc-anti absorptions are less well resolved and appear as two signals. 
The similar intensities for the methylene signals indicates that there is little syn vs 
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Figure 2.4 Syn/anti combinations of oxime units. 
[The labels a and 13 are defined relative to the central oxime moiety] 
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The corresponding polyketoxime (38) derived from EP-CO-15%P showed, as 
expected, a more complex 13 C-NMR spectrum (Figure 2.5) in which signals are 
discernible for the oxime (at 160.94, 160.74, 157.49, 157.35 and 156.66 ppm), 
methine (at 35.48 ppm), methylene (at 31.59, 30.20, 29.33, 28.45, 24.24, 23.27 and 
22.14 ppm) and methyl carbons (at 18.28 and 16.17 ppm). The higher frequency 
peaks (160.94, 160.74 ppm) were assigned to the oxime groups that are adjacent to 
propene units in the polymer backbone by comparison with the data of the polymer 
product (37) derived from the EP-CO-1%P. Also the intensity ratio of the higher and 
the lower frequency oxime peaks is close to 15:85, the propene:ethene ratio in the 
starting material. 
The 13 C-NMR data of polymer product (37) and (38) are similar to those 
observed by Lu and Paton 81  for polyketoximes prepared by oximation of E-CO with 
160 	 140 	 120 	 100 	 eo 	 6,0 	 40 	 20POM 
Figure 2.5 13C-NMR spectrum of polyketoxime (38) 
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Unlike the parent polyketones the poly[( 1 -hydroxyiminotrimethylene)-co-(I-
hydroxyimino-3-methyltrimethylene)] are soluble in dimethyl sulfoxide and 
dimethylformamide. In addition, the polymers show moderate thermal stability. On 
heating they start to darken at Ca. 197 °C and 188 T. 
In conclusion, EP-CO alternating copolymers react with excess 
hydroxylamine exclusively at the isolated carbonyl groups. 
2.5 	1-Alkoxyiminotrimethylene Polymers 
2.5.1 2,5-Di(methoxyimino)hexane and 3,6,9-tri(methoxyimino)undecane 
model compounds 
2,5-Di(methoxyimino)hexane (39) was prepared by treatment of hexane-2,5-
dione with a three-fold excess of O-methylhydroxylamine using three different 
procedures. The first method involved treatment of hexane-2,5-dione with an 
aqueous solution of O-methylhydroxylamine and stirred for 6 days (procedure I). 
Secondly, a mixture of hexane-2,5-dione and an aqueous solution of 0-
methy1hydroxylamine was heated under reflux at 70 °C for 4 days (procedure II). 
Finally, hexane-2,5-dione and O-methylhydroxylamine was stirred in pyridine-
methanol mixed solvent for 24 hours (procedure III). The resulting products were 
obtained as colourless oils in 90, 92 and 83% yield, respectively. Although the last 
method gave the smallest yield, it is the most convenient method. 
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MeO MeO OMe 
) r 1 r 
N, 
OMe MeO' MeO 
2(E),5(E) 2(E),5(Z) 2(Z),5(Z) 
(39) 
The 'H- and 13C-NMR spectra of the mixture of 2,5-di(methoxyimino)-
hexanes were assigned by comparison with published data for 2(E),5(E)- and 
2(Z),5(Z)-di(methoxyimino)hexane. 96 It was found that the product was a mixture of 
three isomers, i.e. 2(K),5(K)-, 2(E),5(Z)- and 2(Z),5(Z)-di(methoxyimino)hexane. The 
percentage of the three isomers (Table 2.3) was established from the integrals of the 
signals for the methylene groups (at 2.48-2.21 ppm) in the 'H-NMR spectra. 
These results show that the (E,E) isomer is formed preferentially over the 
(Z,Z) and (Z,E) isomers, especially in the product which was prepared under reflux, 
since it is more thermodynamically favoured. This can be attributed to the steric 
effect of the methoxy groups. 
Procedure EE isomer (%) E,Z isomer (%) 
} 	
Z,Z isomer (%) 
1 40 38 22 
II 55 33 12 
III 54 42 4 
Table 2.3 
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So far all the products have resulted from reaction of individual carbonyl 
group. However, Paal-Knorr type reaction of the NI-12 of the O-methoxylamine with 
1,4-dione unit is also possible. In order to examine the feasibility of 1-methoxy-2,5-
dimethylpyrrole formation, equimolar quantities of hexane-2,5-dione and 0-
methyihydroxylamine in an aqueous solution of sodium acetate were stirred at room 
temperature under an inert atmosphere for 24 hours. The resulting product was 
examined without purification by NMR spectroscopy. There was evidence in the 1k.. 
NMR spectrum of three components (39, 40, 41) and some of starting material 
(hexane-2,5-dione). There are weak signals at 5.56 ppm (for methine protons, H-3,4), 
at 3.85 ppm (for methoxy protons) and at 2.18 ppm (for methyl protons) of 1-
methoxy-2,5-dimethylpyrrole. Also, there are two triplets at 2.62 and 2.59 ppm, 
which are attributed to methylene protons of compound (40). The ' 3 C-NMR 
spectrum showed small signals of carbonyl carbons at 207.45, 207.03 and 206.88 
ppm for compounds (40) and hexane-2,5-dione and at 10.23 ppm for methyl carbon 
of 1 -methoxy-2,5 -dimethylpyrrole. The proportion of 1 -methoxy-2,5-
dimethylpyrrole (41) was estimated as ca 2% from the signals of methoxy group at 
3.85, 3.77, 3.76 and 3.75 ppm in the 'H-NMR spectrum. It was not possible to 
estimate the proportions of the products (39) and (40) since the methoxy signals at 
3.77, 3.76 and 3.75 ppm could not be assigned. 
ONt 	 OW 
Me 
(39) 	 (40) 	 (41) 
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These observations show that 2,5-di(methoxyimino)hexane is the major 
product on methoximation of hexane-2,5-dione. In order to ensure that all the 
carbonyl groups in hexane-2,5-dione and undecane-3,6,9-trione were converted to 
methoxy groups, O-methylhydroxylamine was used approximately three to five 
times in excess over the number of moles of starting materials. 
3,6,9-Tri(methoxyimino)undecane (42) was synthsised in 80% yield by 
treatment undecane-3,6,9-trione with a five-fold excess of O-methylhydroxylamine 
in pyridine. As expected, a mixture of isomers is formed with a complex 'H-NMR 
spectrum in which signals are discernible for methoxime protons (at 3.774, 3.771, 
3.767, 3.764 and 3.759 ppm), methylene protons (multiplets, at 2.47-2.36, 2.35-2.23 
and 2.21-2.13 ppm) and methyl protons (two triplets + fine splitting, at 1.07 and 1.03 
ppm). However, from the 'H- 1 H COSY spectrum the multiplets at 2.47-2.36 ppm 
were identified as methylene protons flanked by oxime groups (H-4,5), those at 2.3 5- 
2.23 as the a-syn methylene protons adjacent to methyl groups and those at 2.21-2.13 
ppm as the cc-anti methylene protons adjacent to methyl groups. Peaks at 1.07 and 
1.03 ppm are attributed to the methyl protons adjacent to a-anti and a-syn methylene 
groups, respectively. 




In the 13C-NMR spectrum signals are discernible for oxime (at 160.86, 
160.78, 158.90, 158.83 and 158.79 ppm), methylene (multiple signals at 30.78-21.17 
ppm) and methyl carbons (at 10.90, 10.79, 10.12 and 10.08 ppm). From the 13C_  1H 
HETCOR spectrum it was established that the signals at 30.78, 30.69, 30.11, 30.04, 
29.39 and 29.36 ppm are a-anti C-4,5, at 27.41 and 27.36 ppm are a-anti C-2, at 
25.40, 25.11, 24.78, 24.47, 24.18 and 23.86 ppm are a-syn C-4,5, at 21.42, 21.21 and 
21.17 ppm are a-syn C-2, at 10.90 and 10.79 ppm are C-i adjacent to a-anti C-2 and 
at 10.12 and 10.08 ppm are C-i adjacent to a-syn C-2 
Further support for the above assignment was provided by comparison with 
3-methoxyiminopentane (43), which was prepared in 41% yield by treatment of 
pentan-3-one with an aqueous solution of O-methylhydroxylamine. The NOE, 1 H- 1 H 
COSY and 13C-'H HETCOR spectra revealed that the signal of a-anti methylene 
carbon (C-2) appears at higher frequency (26.30 ppm) and a-syn methylene carbon 
(C-4) appears at lower frequency (20.30 ppm). The signals of the methyl carbons 
adjacent to a-anti C-2 and ct-syn C-4 appear at 10.43 and 9.66 ppm, respectively. In 
the 'H-NMR spectrum the signals for the a-syn methylene protons appear as quartet 
at higher frequency (2.23 ppm) and the signals of a-anti methylene protons appear as 
quartet at lower frequency (2.12 ppm). The signals of methyl protons adjacent to a-






2.5.2 1 -Methoxyiminotrim ethylene polymers 
The 1 -Methoxyiminotrimethylene polymers were prepared by treatment the 
EP-CO copolymers with aqueous solution of O-methylhydroxylamine using 
procedure I developed for the model compounds. Although the product derived from 
EP-CO-15%P was a yellow rubbery solid, indicating that some reaction had taken 
place, the reaction process proved to be incomplete. The infrared spectrum exhibited 
a strong absorption band of the carbonyl group at 1690 cm' and only a very weak 
absorption band of the oxime (C=N) at 1630 cm - 1 . EP-CO- 1 %P did not react with 0-
methy1hydroxylamine in an aqueous solution. The infrared spectrum showed a strong 
absorption band for the carbonyl group, but not for the oxime. 
As an alternative approach, pyridine was used instead of an aqueous solution. 
Under these conditions the polyketones did not dissolve immediately, but after the 
mixtures were stirred for a few hours yellow solutions were gradually produced. This 
indicates that reaction takes place as the derivatised polymer segment dissolved. The 
polymer products were pale yellow gums which were identified from their 
spectroscopic properties. In the infrared spectrum of the poly(1-methoxyimino-
trimethylene) (44) derived from E-CO the carbonyl peak at 1690 cm' in the starting 
material is replaced by C=N and C-O peaks at 1630 and 1051 cm', respectively. The 
13C-NMR spectrum (Figure 2.6) of the product is in many respects similar to that of 
the corresponding poly [(1 -hydroxyiminotrimethylene)-co-(l -hydroxyimino-3 - 
methyltrimethylene)] (37). The a-syn and cc-anti carbons were assigned by 
comparison with model compounds (39) and (42). The characteristic peaks for 
methylene groups are shown in Table 2.4. 
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Model 8c / ppm (CDC1 3) 
Compound/Polymer cc-anti CH2 a-syn CH2 
2,5-Di(methoxy- 32.51, 31.58 26.03, 24.99 
imino)hexane (39) 
3,6,9-Tri(methoxy- 30.78, 30.69, 30.11, 25.40, 25.11, 24.78, 
imino)undecane (42) 30.04, 29.39, 29.36 24.47, 24.18, 23.86 
Polymethoxime (44) 30.63, 30.50, 30.03, 25.35, 25.07, 24.43, 
29.88 24.13 
Polymethoxime (45) 30.64, 30.51, 30.05, 25.37, 25.09, 24.45, 
29.89 24.15 
Table 2.4 
(44)m= 1.00,n= 0.00 
m = 0.99, n = 0.01 
m= 0.85, n= 0.15 
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Figure 2.6 13C-NMR spectrum of the poly(1-methoxyiminotrimethylene) (44) 
The absence in the product of a peak at 210-208 ppm for the carbonyl carbon 
of the EP-CO indicates a high degree of carbonyl to oxime conversion. The multiple 
peaks for the oxime and methylene carbons is evidence for the presence of syn and 
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Figure 2.7 Syn/anti combinations of 0-methyl oxime units (R = Me) 
and O-benzyl oxime units (R = Bn). 
Poly[( 1 -methoxyiminotrimethylene)-co-(I -methoxyimino-3 -methyltri-
methylene)] (45) derived from EP-CO-1%P showed a 13C-NMR spectrum similar to 
that for poly(1-methoxyiminotrimethylene) (44) derived from E-CO. The poly[(l-
methoxyiminotrimethylene)-co-( 1 -methoxyimino-3-methyltrimethylene)] 	(46) 
derived from EP-CO-15%P showed, as expected, a more complex 13C-NMR 
spectrum (Figure 2.8), which is very similar to that of the polyketoxime (38). There 
is a characteristic peak for the methoxime carbon at 61.09 ppm. 
1 -Methoxyiminotrimethylene polymers, in contrast to the hydroxyimino 
analogues, show good solubility in common organic solvents such as chloroform and 
dichioromethane. 
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Figure 2.8 13C-NMR spectrum of the polymer product (46) 
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2.5.3 2,5-Di(benzyloxyimino)hexane model compound 
The reaction of hexane-2,5-dione with a three-fold excess of O-benzyl-
hydroxylamine was carried out in pyridine at room temperature to afford 2,5-
di(benzyloxyimino)hexane (47) in 88% yield as a yellow oil. The percentage of the 
three isomers, estimated from the peaks of methylene groups (at 2.64-2.34 ppm) in 
the 'H-NMR spectrum, (E,K),(E,Z) and (Z,Z), is 50, 43 and 7%, respectively. The 
(E,E) isomer is formed preferentially over the (Z,Z) and (Z,E) isomers. 
H- cHO Ph C142 0, OC}Ph 
NI 
OC142Ph wcH20 
2(E),5(E) 2(E),5(Z) 2(Z),5(Z) 
 
3,6,9-Tri(benzyloxyimino)undecane (48) was synthesised in 85% yield by 
treatment undecane-3,6,9-trione with a five-fold excess of O-benzylhydroxylamine 
in pyridine. The product was a mixture of isomers. The complex 13C-NMR spectrum 
showed characteristic signals for the quaternary carbons of phenyl rings at 138-137 





2.5.4 1-Benzyloxyiminotrimethylene polymers 
The EP-CO-l%P and EP-CO-15%P were treated with 0-
benzy1hydroxylamine in pyridine at room temperature for 24 hours. In this period, 
white emulsions were gradually produced. As EP-CO is highly insoluble in pyridine, 
the formation of an emulsion indicated that some reaction had taken place. After 
work up, poly [(1-benzyloximinotrimethylene)-co-(1-bezyloxyimino-3-methyltri-





n OCH2Ph M 
(49)m= 0.99, n0.0l 
(50)m= 0.85, n=0.15 
The polymer products (49) and (50) were characterised from their 
spectroscopic properties. The infrared spectrum of polymer product (49) showed 
absorption bands at 3085, 3062, 3029, 1954, 1880, 1812 and 1754 cm for the 
phenyl group, 1630 cm-1 for the oxime (C=N) and 1081 cm for C-O. In the 13C-
NMR spectrum there are characteristic peaks for the benzyl groups at 138.16 (PhC), 
128.12, 127.85, 127.77, 127.42 (PhCH) and 75.29 ppm (CH 2Ph). The methylene 
peaks were assigned by comparison with the data of the model compounds 2,5-
di(benzyloxyimino)hexane (47) and 3 ,6,9-tri(benzyloximino)undecane (48) as shown 
in Table 2.5. The absence of the peak at 210-208 ppm for the carbonyl of the EP-CO 
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indicates a high degree of the carbonyl conversion. The multiple peaks for the 
methylene carbons is evidence for the presence of syn and anti oxime units in the 
product (Figure 2.7). 
Model compound! 
Polymer 
& / ppm (CDC13) 
a-anti CH2 a-syn CH2 
2,5-Di(benzyloxy- 
imino)hexane (47) 
32.42, 31.63 26.19, 25.30 
3,6,9-Tri(benzyloxy- 
imino)undecane (48) 
30.65, 30.05, 29.94, 
29.38, 29.33 
25.57, 25.31, 24.93, 24.85, 
24.70, 24.41, 24.06 
Polyoxime (49) 30.40, 29.85 25.43, 25.15, 24.63, 24.32 
Table 2.5 
The corresponding polymer product (50) derived from EP-CO- 1 5%P showed, 
as expected, a more complex 13C-NMR spectrum in which the characteristic peaks 
for benzyl groups are detected at 138.16, 138.06 (PhC), 128.11, 127.84, 127.78, 
127.41 (PhCH) and 75.43, 75.28 ppm (CH2Ph). 
2.6 	cc-Substitution reactions of 1-Methoxyiminotrimethylene Polymers 
Reaction of E-CO or EP-CO with O-methylhydroxylamine in pyridine at 
room temperature resulted in slow dissolution of the polymer and complete 
conversion of the carbonyl groups to their methoxime derivatives. Unlike the 
precursor alkene-carbon monoxide copolymers (19, 20, 21) and the polyketoximes 
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(37, 38) all the new polymethoximes show good solubility in a range of organic 
solvents, thus giving increased scope for modification reactions. 
During the course of this work, all previous modifications have involved 
manipulation of the carbonyl groups, either singly or 1 ,4-dione or 1 ,4,7-trione units. 
Functionalisation of the backbone methylene groups has not been achieved so far, 
largely due to the very low solubility of these polyketones in common organic 
solvents. The availability of the new polymethoxime derivatives described above 
provided the opportunity to examine the feasibility of base-induced cc-substitution 










2.6.1 Model reactions with 2,5-di(methoxyimino)hexane and 3,6,9-
tri(methoxyimino)undecane 
Oximes and O-alkyloximes can be efficiently metallated at the cc-carbon 
atoms and the derived enolate equivalents (Scheme 2.4) can then participate in a 
variety of carbon-carbon bond-forming reactions. 96-102 
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Preliminary experiments of base-induced a-substitution reactions with 
electrophiles were carried out using the model 2,5-di(methoxyimino)hexane (39) and 
3 ,6,9-tri(methoxyimino)undecane (42). 
Treatment of 2,5-di(methoxyimino)hexane in dry THF at —78 °C with n-
butyllithium, followed by addition of iodomethane afforded, on work-up, a mixture 
of mono- and dimethylated compounds (51)1(52) and (53) in 96% combined yield 











(51) E = Me (52) E = Me (53) E = Me 
(54) E = n-Pr (55) E = n-Pr (56) E = n-Pr 
(57) E = n-Bu (58) E = n-Bu (59) E = n-Bu 
(60)E=Bn (61)E=Bn 
(62) E = CH2-CH=CH2 (63) E = CH2-CH=CH2 (64) E = CH2-CH=CH2 
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Figure 2.9 1 H-NMR spectra of 2,5-di(methoxyimino)hexane (39) 
and deuterated 2,5-di(methoxyimino)hexane (65, 66, 67) 
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The corresponding reactions of 2,5-di(methoxyimino)hexane with 1-
iodopropane, 1 -bromobutane, benzyl bromide and allyl bromide afforded products 
(54, 55, 56) (96%), (57, 58, 59) (64%), (60, 61) (24%) and (62, 63, 64) (24%), 
respectively. All of these products were mixtures of mono- and dialkylated 
compounds together with some unreacted starting material, except the a-benzylated 
product which was a monobenzylated product, possibly caused by using only a two-
fold excess of n-butyllithium being used before addition of benzyl bromide. The 
spectra of these products were not well enough resolved to make an estimate of the 
relative proportion of mono- and dialkylated compounds. 
It was noted that the reaction occurs exclusively at the less hindered methyl 
groups. There was no evidence from the NMR spectra of reaction at the internal 
methylene carbons. 
Selectivity of The Lithiation Reaction 
The syn selectivity of the lithiation process was established by reacting 2,5-
di(methoxyimino)hexane as a mixture of (E,E) (E,Z) (Z,Z) isomers with n-
butyllithium in dry THF at —78 °C and quenching the resulting solution with [0-
2H]methanol. The isolated product was shown by NMR spectroscopy to be 
predominantly a mixture of mono- and dideuterio compounds (65, 66, 67), together 
with some unreacted starting material (Scheme 2.5). a-Deuteration at the syn methyl 
is confirmed by the presence of a peak at 1.79 ppm in the 2H-NMR spectrum; there is 
also a corresponding reduction of Ca. 30% in the intensity of the signal for the 
protons of this group in the 1 H-NMR spectrum (Figure 2.9), with part of the singlet at 
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Figure 2.10 13C-NMR spectra of 2,5-di(methoxyimino)hexane (39) 






In addition, in the 13C-NMR spectrum (Figure 2.10) the two singlet signals at 
13.83 ppm (for methyl carbon of (E,E) isomer) and at 13.71 ppm (for methyl carbon 
of (E,Z) isomer) were replaced by two 1:1:1 triplets of CH 2D at 13.56 ppm (for (E,E) 
isomer) and at 13.43 ppm (for (E,Z) isomer) with a coupling of 19.5 Hz (J ' 3C-2H). 
Also, the signals of oxime carbons at 156.16 ppm (for (E,L) isomer) and at 156.12 
ppm (for (E,Z) isomer) were replaced by the two 1:1:1 triplets at 156.04 ppm and at 
155.99 ppm with a coupling of 0.9 Hz. Moreover, the DEPT spectrum showed that 
the cz-syn methyl carbons of (E,E) and (E,Z) isomers were replaced by two triplets of 
methylene carbons. There is no quintet signal of CHD 2 in the 'H-MNR and no signal 
for methine group in both 'H- and 13C-NMR spectra. It is concluded that the 
substitution took place only on (x-syn methyl group and only one hydrogen atom of 
the methyl group was replaced by one deuterium atom. 
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The analogous reaction of 3,6,9-tri(methoxyimino)undecane (42) with n-
butyllithium and [0-2H]methanol resulted in 8% deuterium incorporation, 
representing an average of one hydrogen atom being replaced per molecule. 
Deuterium NMR peaks at 2.16, 2.27 and 2.44 ppm indicate isotopic substitution at 
several of the ct-syn methylene positions, e.g. compounds (68), (69), (70) and (71), 
and accurate mass measurements confirmed the identity of the products, mono-, di- 
and trideuterio compounds. 











MeO 	 OMe 
OMe 
(71) 
The syn selectivity for the a-lithiation process has been examined by Houk et 
all 03  and by Shatzmiller et a19699 . Using ab initio SCF-MO calculations Houk 
showed that the syn selectivity can be attributed to the effect of electrostatic 
repulsion between the nitrogen lone-pair electrons and electrons (minus charge) at 
the a-carbon. Shatzmiller later proposed that the geometry of CN-O- could be used 
to control enolisation and new bond formation. This geometrically-induced 
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selectivity is strongly based on the relative high barrier for inversion of the C=N-O-
system. However, the high relative barrier for C=N-O- isomerisation (\G = 24 
kcal/mol) can be lowered with traces of acid. Thus, either the kinetically formed syn 
reaction product or, by acid catalysed isomerisation, the thermodynamically favoured 
isomer can be obtained. They also reported that at temperature above —40 °C 
isomerisation of the a-lithio O-alkyloxime isomer syn a-lithio to the anti a-lithio 
isomer had occurred and resulted in anti C-alkylation of the O-alkyloxime. In the 
present work only syn-substitution was observed. 
ft OR 	& OR 
e 	 9 
anti 	 syn 
Figure 2.11 
3 ,6,9-Tri(methoxyimino)undecane reacted similarly with iodomethane, 1-
iodopropane, 1 -bromobutane, benzyl bromide and allyl bromide yielding a mixture 
of a-substituted products (72-74) (62%), (75-77) (95%), (78-80) (59%), (81-83) 
(58%) and (84-86) (92%), respectively. 
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(72-74) E = Me, (75-77) E = n-Pr, (78-80) E = n-Bu 
(81-83) E = Bn, (84-86) E = CH2-CH=CH2 
a-Methylation of 3,6,9-tri(methoxyimino)undecane in the products (72-74) is 
confirmed by the appearance of two new multiplet signals at 3.50-3.37 ppm and 
3.35-3.20 ppm for the methine protons of CH(CH3)-CH2 and CH(CH3)2 (these peaks 
are assigned from 'H-'H COSY spectrum), respectively. From integration of the 
methoxime and methyl signals in the 'H-NMR spectrum it was estimate that on 
average one hydrogen atom was substituted per molecule. 
a-Substitution in the products (84-86) is confirmed by the presence of two 
multiplet signals at 5.73-5.39 ppm and 5.05-4.95 ppm for allylic protons and two 
multiplets at 3.48-3.37 ppm and 3.32-3.19 ppm for methine protons similar to those 
observed for cc-methylated products (72-74) which corresponding to the signals at 
135.84, 135.78 ppm for allylic carbons and 35.42, 35.09, 31.88 ppm for methine 
carbons. The extent of reaction was estimated as 8% by integration of the allyl and 
oximino methyl proton signals, indicating an average of one hydrogen atom being 
replaced per molecule. 
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The formation of cx-benzylated products (81-83) of 3,6,9-tri(methoxy-
imino)undecane is shown by the characteristic peaks at 7.37-7.05 ppm for PhH and 
2.92-2.60 ppm for CH2Ph; 139.49, 139.41, 139.30 ppm for PhC and 128.72, 128.67, 
128.10, 126.09, 126.03 for PhCH. From the proton spectrum it was estimated that on 
average one hydrogen atom was substituted per molecule. 
As expected, the NMR spectra of cc-substituted products of 3,6,9-
tri(methoxyimino)undecane with 1 -iodopropane and 1 -bromobutane are more 
complex. However, their structures were confirmed by the presence of multiplet 
signals for CH(CH2)2 and for CH(CH3)-CH2 at 3.48-3.37 ppm and 3.25-3.16 ppm, 
respectively. In the carbon spectrum there are corresponding CH signals at 35.64, 
35.42, 35.26, 35.17, 32.26 ppm for the products (75-77). The proton spectrum of the 
products (78-80) showed the signals for the methine groups at 3.48-3.34 ppm and 
3.30-3.12 ppm corresponding to the signals at 35.53, 35.13, 32.07 ppm in the carbon 
spectrum. From integration of the oximino methyl groups and methyl groups of 
propyl/butyl in the 'H-NMR spectra, it was estimated that on average the products 
contained one propyl/butyl group per molecule. 
The spectra of these products were not well enough resolved to make an 
estimate of the relative proportion of mono- and dialkylated compounds. 
3.6.2 a-Substitution reactions of 1-methoxyiminotrimethylene polymers 
Having established that directed a-substitutions could be accomplished on 
the model compounds, 2,5-di(methoxyimino)hexane (39) and 3,6,9-tri(methoxy-
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Figure 2.12 13C-NMR spectra of EP-CO- 1 %P-derived polymethoxime (45) 
and deuterated EP-CO- I %P-derived polymethoxime (87) 
To test the extent of anion formation a sample of EP-CO-l%P-derived 
polymethoxime (45) in dry THF was treated with n-butyllithium (5 equiv.), excess 
[0-2H]methanol added to the resulting solution, and the recovered polymer examined 
by NMR spectroscopy. a-Substitution in the product (87) is confirmed by the 
presence of a peak at 2.45 ppm in the 2H-NMR spectrum very similar to that 
observed for the model compounds (68-71) (2.16, 2.27, 2.44 ppm); there is also a Ca. 
15% reduction in the intensity of the signal for the methylene protons in the 'H-NMR 
spectrum, indicating that on average there are -0.6 deuterium atoms per methoxime 
unit. Also, the 13 C-NMR spectrum (Figure 2.12) showed reduction in the intensity of 
the signals for a-syn methylene carbons at 25.38, 25.10, 24.86, 24.45, 24.39, 24.15 
and 24.09 ppm (compared with 25.37, 25.09, 24.45 and 24.15 ppm for starting 
material). In addition, these signals are broadened and shifted slightly low frequency, 
as expected, on introduction of deuterium. 
(87)E=DorH 
These results suggested that multiple electrophilic substitutions on the 
polymer backbone should be possible and to test the feasibility of introducing alkyl 
substituents by this means the polymethoxime polyanions were reacted with 
iodomethane, 1 -iodopropane, 1 -bromobutane, benzyl bromide and allyl bromide. 
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Figure 2.13 13 C-NMR spectrum of methylated E-CO-derived polymethoxime (88) 
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Figure 2.14 13 C.-NMR spectrum of benzylated E-CO-derived polymethoxime (89) 
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E-CO-derived polymethoxime (44) in dry THF was treated with n-
butyllithium (1.0 equiv.) at —78 °C and iodomethane (1.0 equiv.) added to the 
resulting solution. After stirring for 2 h at —78 °C and warming to 0 °C the mixture 
was quenched with water and the product extracted into diethyl ether. Drying, 
removal of the solvent in vacuo and precipitation from chloroform solution by 
addition of methanol afforded a pale yellow gum of the product (88). The NMR 
spectra of the product were broadly similar to those observed for the polymethoxime 
(46) previously prepared by methoximation of EP-CO- 1 5%P. The introduction of the 
methyl substituents was confirmed by the appearance of a new proton doublet signal 
at 1.00 ppm with a 6.7 Hz coupling to the adjacent backbone methine proton; by 
comparison with the oximino methyl signal the extent of reaction was estimated as 
29%. In the 13C-NMR spectrum (Figure 2.13) there are additional peaks for the 
ethylidene group at 29.27 ppm (for CH) and at 16.67, 16.28 ppm (for CH 3 ). 
OMe 
E = Me or H 
E= Bn or H 
The reaction of B-CO-derived polymethoxime (44) with benzyl bromide 
proceeded similarly, yielding the polymer product (89) as a yellow gum, which was 
purified by precipitation from chloroform solution by addition of methanol. The 
NMR spectra of the product showed characteristic peaks for the benzylidine group 
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[7.35-7.08 ppm (Phil); 139.34 ppm (PhC), 128.68, 128.18, 126.13 (PhCH)] (Figure 
2.14) similar to those observed for model compounds (60, 61) and (81-83). From the 
proton spectrum it was estimated that there were on -0.3 benzyl groups per 
methoxime unit. 
The corresponding reactions of BuLi/Mel, BuLi/BnBr and BuLi/allyl 
bromide with EP-CO-15%P-derived polymethoxime (46) proceeded in a similar 




In Im1- OMe 
m = 0.85, n = 0.15 
(90) E = Me or H 
(91)E=BnorH 
(92) E= CH2=CH-CH2 or H 
Evidence for a-substituted product (90) was provided by NMR spectroscopy. 
In the 'H-NMR spectrum there are characteristic peaks at 3.76 ppm (for OMe), 3.46 
ppm (for a-syn CH), at 2.73 ppm (for (x-anti CH), at 2.38 ppm (for CH2) and a 
doublet of CH3 at 1.00 ppm with a coupling of 6.4 Hz to the adjacent CH similar to 
those observed for the polymethoxime starting material (46). By comparison of the 
OMe and Me signals the extent of reaction was estimated as 39%. Also, in the 13C-
NMR spectrum (Figure 2.15) there are characteristic peaks for methine carbons at 
36.01 and 29.58 ppm similar to those observed in the EP-CO-15%P-derived 
polymethoxime starting material (46) (36.01, 29.60 ppm). The intensity of the peak 
at 29.58 ppm significantly increases by comparison with the starting material. 
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Figure 2.15 13 C-NMR spectrum of methylated EP-CO-15%P-derived polymethoxime (90) 
I 	 I 
160 	 140 	 120 	 100 	 80 	 60 	 40 	 20 
PPM 
Figure 2.16 ' 3 C-NMR spectrum of benzylated EP-CO-15%P-derived polymethoxime (91) 
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a-Benzylated product (91) was identified by NMR spectra. There are 
characteristic signals for the benzylidene group at 7.35-7.07 ppm (PhH); 139.37 ppm 
(PhC), 128.67, 128.16, 126.10 ppm (PhCH) and for methine group at 3.48 ppm; 
36.01, 35.53, 35.29 ppm (Figure 2.16). From the integral ratio of phenyl and oximino 
methyl groups in the proton spectrum, the extent of reaction was estimated as 30%. 
The multiple peaks for oxime and methylene carbons is evidence for the presence of 
syn and anti oxime unit in the polymer product. 
The introduction of allyl substituents in the product (92) is confirmed by the 
appearance of the characteristic peaks for allyl group at 5.83-5.52 ppm (CH2=CH-) 
and 5.15-5.38 ppm (CH2=CH-); at 135.75 ppm (CH 2=CH-) and 116.37 ppm 
(CH2=CH-). From the integral ratio of the allyl and oximino methyl groups in the 
proton spectrum, the extent of substitution was estimated as 12%. 
cc-Substitution of EP-CO-1%P-derived polymethoxime (45) was carried out 
by treatment with n-butyllithium (5 equiv.) at —78 °C in dry THF and iodomethane (5 
equiv.) added to the resulting solution. After stirring for 2 h at —78 °C and warming 
to 0 °C the solution was quenched with water and the product extracted with diethyl 
ether. Drying, removal of the solvent and excess iodomethane in vacuo afforded a 
pale yellow gum of the product (93). In the 'H-NMR spectrum there are a new 
multiplet signal at 3.57-3.35 ppm (for CH) and a doublet signal at 1.02 ppm with a 
coupling 6.9 Hz to the adjacent backbone CH; by comparison with the oximino 
methyl signal the extent of reaction was estimated as 38%. In the ' 3C-NMR spectrum 
(Figure 2.17) there is significant peak for CH carbon at 29.56 ppm compared with 
29.80 and 29.66 ppm for the methine carbons of the model compounds (72-74) 
derived from the reaction of 3,6,9-tri(methoxyimino)undecane with BuLi/Mel. There 
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Figure 2.17 13 C-NMR spectrum of methylated EP-CO-1%P-derived polymethoxime (93) 
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Figure 2.18 13 C-NMR spectrum of benzylated EP-CO- 1 %P-derived polymethoxime (96) 
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are also characteristic peaks similar to those observed in the 13C-NMR spectrum of 
EP-CO- 1 5%P-derived polymethoxime (46) and its a-methylated product (90). 
in = 0.99, n = 0.01 
(93) E = Me or H, (94) E = n-Pr or H 
(95) E = n-Bu or H, (96) E= Bn or H 
(97) E = CH2=CH-CH2 or H 
The corresponding reactions of EP-CO-1%P-derived polymethoxime (45) 
with 1 -iodopropane, 1 -bromobutane, benzyl bromide and allyl bromide were carried 
out in a similar manner to afforded modified polymers (94), (95), (96) and (97), 
respectively. 
a-Propylated product (94) is confirmed by the appearance of a new peak for 
methyl protons at 0.85 ppm and a broad methine proton peak at 3.45 ppm. In the 13C-
NMR spectrum there are peaks at 13.91 ppm (for CH3), 34.67, 28.17 and 27.99 ppm 
(for CH). The extent of substitution was estimated as 21% from the integral ratio of 
the methyl and the oximino methyl protons. 
cc-Substitution in the product (95) is confirmed by the presence of methine 
proton signal at 3.38 ppm and methyl protons at 0.87 ppm; 34.27, 34.07 ppm (for 
CH) and at 13.95 ppm (for CH3). From the integral ratio of methyl and oximino 
methyl signals in the proton spectrum, the introduction of butyl substituents was 
estimated as 25%. 
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a-Benzyl-substituted product (96) was also identified from its spectroscopic 
properties. In the infrared spectrum there are absorption bands of phenyl group at 
3055 and 3025 cm'. The NMR spectra showed characteristic peaks at 7.36-7.08 ppm 
(PhH), 3.53 ppm (CH); 139.30, 139.26, 139.18 ppm (PhC), 128.69, 128.63, 128.14, 
126.13, 126.08 ppm (PhCH), 37.49, 37.11 ppm (CH) (Figure 2.18). From the proton 
spectrum the extent of benzyl substitution was estimated as 30%. The multiple peaks 
for oxime and methylene carbons is evidence for the presence of syn and anti oxime 
units in the polymer product. 
The incorporation of allyl substituents in the polymer product (97) is 
confirmed by the appearance of characteristic multiple signals for the allyl group at 
5.81-5.52 ppm (CH2=CH-) and at 5.16-5.38 ppm (CH2=CH-), 3.47 ppm (CH), and in 
the 13C-NMR spectrum at 135.70 ppm (CH 2=CH-) and 116.41 ppm (CH 2 CH-), 
34.81 ppm (CH) (Figure 2.19). From the integral ratio of allyl and oximino methyl 
groups the substitution was estimated as 32%. 
160 	 140 	 120 	 100 
PPM 	
80 	 60 	 40 	 20 
Figure 2.19 13C-NMR spectrum of allylated polymethoxime (97) 
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It is noteworthy that the signals for the methine carbon adjacent to the methyl 
group in the polymer products (88) and (93) appear at lower chemical shift [(88) 
29.57 and (93) 29.56 ppm] than for the corresponding methine carbon in EP-CO-
15%P-derived polymethoxime (46) (36.01 ppm). This is consistent with the 
electrophile being introduced syn to the adjacent methoxime, whereas the methoxime 
units in polymer (46) are predominantly anti. This feature is particularly evident in 
the spectrum of polymer (90) formed from EP-CO-15%P and BuLifMeI, for which 
there are distinctive methine carbon signals at 36.01 and 29.58 ppm. On the basis of 
the deuterium exchange experiments it is presumed that for all the alkylated 
polymers the substituents are introduced syn to the methoximino group. 
Me 









The extent of a-substitution of E-CO, EP-CO-1%P, EP-CO-15%P-derived 
polymethoximes with [0- 2H]methanol, iodomethane, 1 -iodopropane, 1 -bromo-
butane, benzyl bromide and allyl bromide is typically (20-39%) compared with 
50% a-syn methylene group in the polymethoxime starting materials (44), (45) and 
(46). These a-alkylation reactions represent a novel approach to methoxime 
derivatives of ethene/alkene/carbon monoxide terpolymers. For example, the product 
(96) of EP-CO-1%P-derived polymethoxime with n-butyllithiumlbenzyl bromide is 
equivalent to the terpolymer, which would result from methoximation of the 
terpolymer formed from ethene/3-phenylpropene/carbon monoxide. Similarly, the 
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ally! bromide derived product (97) is equivalent to that formed from ethene/1,4-
pentadiene/carbon monoxide. The levels of incorporation of the second alkene are 
also higher (Ca. 20-39%) by this a-alkylation route. For the terpolymers of ethene/1-
octene/carbon monoxide (98) and ethene/4-phenyl- 1 -butene/carbon monoxide (99) 
which were prepared using palladiumlalumoxane catalyst (dppp)Pd(OAc)2/ 
['BuAl0]6 by Koide and Barron, 47  the maximum incorporation of the second olefin 
(1-octene, 4-phenyl-l-butene) is only 4%. Furthermore, the a-alkylation approach 
provides easier access to functionalised products. For example, the allyl-substituted 
product (97) could not readily be prepared by copolymerisation of ethene/1 ,4-










(98) R = n-C61-113 
(99) R = PhCH2CH2 
In conclusion, the conversion of the ketone groups in alkene-carbon 
monoxide copolymers to methoximes allows directed a-substitution reactions to be 
carried out on the polymer backbone. It is anticipated that a range of other novel 
polymers will be accessible by reaction with appropriate electrophiles. 
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2.7 	Pyrrole Derivatives of Alkene-Carbon monoxide Copolymers 
2.7.1 Paal-Knorr reaction 
The Paal-Knorr synthesis is the one of the most important preparative 
methods for pyrroles. It involves the reaction of a primary amine with a 1,4-dione 
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Two possible mechanisms have been considered for this reaction.  104 The first 
involves formation of the imine (E) and enamine (F) as intermediates and the second 
involves the intermediate formation of the 2,5-dihydroxypyrrolidine (D). The imine 
(E) was observed by Broadbent and coworkers. 105 Using 13C-NMR spectrometry, 
Katritzky and coworkers  106,107  have obtained evidence for the formation and decay of 
the imine (E) from the reaction of hexane-2,5-dione and a variety of primary amines 
in the absence of catalyst. With the more sterically hindered amines such as 
NH2CH2CHMe2, NH2CH2CMe3 , the rate of formation of the imine (E) was slowed. 
Thus they concluded that the pathway (C) -)~ (E) -> (F) -* (G) -+ (H) was 
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reasonable with step dione (A) + amine (B) -* (C) and (F) —+ (G) as being rate-
determining. Under acidic conditions, the formation of (C) is believed to be rate-
determining. Typically, the formation of a carbinolamine such (C) should be slow, 
since the dehydration to an imine (E) is generally rapid. The enamine (F) was not 
detected, since the equilibrium should favour the imine form (E). The formation of 
the aromatic ring of pyrrole (H) significantly accelerates the conversion of (G) into 
(H). 
2.7.2 Pyrrole derivatives of hexane-2,5-dione and undecane-3,6,9-trione 
1 -Substituted-2,5 -dimethylpyrroles were prepared by Paal-Knorr 
condensation of hexane-2,5-dione with aniline, benzylamine, butylamine and glycine 
ethyl ester as illustrated in Scheme 2.7. 2,5-Dimethyl-l-phenylpyrrole (100), 1-
benzyl-2,5-dimethylpyrrole (101), 1-butyl-2,5-dimethylpyrrole (102) and ethyl (2,5-




+ 2H20 Ts OH 
0 	 R 
(100) R= Ph, (101) R= Bn 
(102) R = n-Bu, (103) R = CH 2CO2Et 
Scheme 2.7 
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Pyrrole derivatives of undecane-3,6,9-trione were synthesised under similar 
conditions at room temperature (Scheme 2.8). 2-Ethyl-5-(3-oxopent-1-yl)-1-phenyl-
pyrrole (104), 1 -benzyl-2-ethyl-5-(3 -oxopent- 1 -yl)pyrrole (105), 1-butyl-2-ethyl-5- 
(3 -oxopent- 1 -yl)pyrrole (106) and ethyl [2-ethyl-5 -(3 -oxopent- 1 -yl)pyrrol- 1-






(104) R= Ph, (105) R= Bn 
(106) R = Bu, (107) R = CH 2CO2Et 
Scheme 2.8 
2-Ethyl-5-(3 -oxopent- l-yl)-1 -phenylpyrrole (104) was identified from its JR 
and NMR data by comparison with 2,5-dimethyl-1-phenylpyrrole (100) and the 
starting material, undecane-3,6,9-trione (18). The infrared spectrum exhibited 
aromatic absorption bands at 3093, 3065 and 3029 cm -1 and an absorption band of 
the carbonyl group at 1718 cm -1 . In the 1 H-NMR spectrum there are characteristic 
peaks at 7.53-7.40 ppm and 7.27-7.20 ppm for Phi] and at 5.94, 5.93 ppm for the 
methine protons of the pyrrole unit. In the 13C-NMR spectrum there are signals at 
210.40 ppm for the carbonyl carbon, at 138.47 ppm for PhC, at 135.74, 131.94 ppm 
for quaternary carbons of the pyrrole unit, at 129.04, 128.32, 127.83 ppm for PhC}-I, 
at 104.43, 103.70 ppm for methine carbons of the pyrrole unit, at 41.29 ppm for 
methylene carbon flanked by carbonyl and methylene groups (compared with 
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published data 87  for 1 -benzyl-2,5-di(3-oxopent- 1 -yl)pyrrole; 41.17 ppm), at 35.72 
ppm for methylene carbons flanked by carbonyl and methyl groups (compared with 
35.92, 35.64, 35.50 ppm for methylene carbons of undecane-3,6,9-trione), at 21.01, 
20.06 ppm for methylene carbons adjacent to the pyrrole unit (compared with 
published data 87  for 1-benzyl-2,5-di(3-oxopent-1-yl)pyrrole; 20.49 ppm) and at 
12.95, 7.58 ppm for methyl carbons. The signal at 7.58 ppm was assigned to the 
methyl carbon of the ethyl group adjacent to the carbonyl group (compared with 7.57 
ppm for methyl carbons of undecane-3,6,9-trione). The signal at 135.74 and 131.94 
ppm for quaternary carbons of the pyrrole unit is shifted to higher frequency 













44.65 - 142 	0 
CO2- CH2- CH3 
I 
61.34 
(106) 	 (107) 
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I -Benzyl-2-ethyl-5 -(3 -oxopent- 1 -yl)pyrrole 	(105), 	1 -butyl-2-ethyl-5-(3 - 
oxopent- 1 -yl)pyrrole (106) and ethyl [2-ethyl-5-(3 -oxopent- 1 -yl)pyrrole- 1 -yl]acetate 
(107) were identified from their spectroscopic properties. The characteristic peaks 
are shown in Table 2.6. 
Model 8C / ppm (CDC1 3) 
compound C=O Aromatic ring CH2 
138.35 (PhC) 46.21 (CH2Ph) 
128.51, 126.85, 125.38 (PhC}1) 41.05, 35.70, 
 210.27 134.69, 131.12 (Cpyrrole) 20.32, 19.50 
104.13, 103.50 (CH pyrrole) 
134.05, 130.45 (Cpyrrole) 43.04, 33.17, 20.33, 
 210.59 103.36, 102.98 (CH pyrrole) 20.08, 19.51 
61.34 (CO2CH2) 
 210.43 234.50, 131.24 (Cpyrrole) 44.65 (N-CH2) 




Under the reaction conditions there was no evidence for the formation of 




2.7.3 Pyrrole derivatives of alkene-carbon monoxide copolymers 
Pyrrole derivatives of EP-CO-1%P were prepared by acid catalysed 
condensation with aniline and benzylamine, under reflux in an inert atmosphere (N2) 
for 2-5 days (Scheme 2.9). In this period viscous solutions were gradually produced, 
consistent with reaction taking place as the derivatised polymer segment dissolves. 
The solid polymer products were recovered from the resulting solution with 
hexane/methanol and purified by precipitation from chloroform solution by addition 
of hexane/methanol. 




R = H 0.99, Me 0.01 
(109) R' = Ph, (110) R' = Bn 
Scheme 2.9 
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The polymer products (109) and (110) were identified from their 
spectroscopic properties. The high degree conversion of carbonyl groups in EP-CO-
1 %P to pyrrole units is discernible from the absence of the absorption peaks at 1690 
cm-1 in the infrared spectrum and at 8c 210-208 ppm. In the 13C-NMR spectrum of 
the polymer (109) there are characteristic peaks at 138.12 ppm for PhC, at 132.89 
ppm for the quaternary carbons of the pyrrole unit, at 128.83, 128.19, 127.66 ppm for 
PhCH, at 104.33 ppm for the tertiary carbons of the pyrrole unit and at 41.55, 26.69, 
20.76 ppm for methylene carbons with intensities ratio 0.5:11:0.5. The peak at 26.69 
ppm was assigned to the methylene groups between two pyrrole units and the peaks 
at 41.55 and 20.76 were assigned to the methylene groups between a pyrrole unit and 
unreacted carbonyl group by comparison with the peaks at 41.29 and 21.01 ppm of 
the model compound (104) derived from undecane-3,6,9-trione and the published 
data89 for poly(ethylenepyrrole) derived from E-CO copolymer (41.64 and 20.85 
ppm). 
The extent of the reaction can be estimated by 13 C-NMR spectroscopy. In the 
poly(ethylenepyrrole) products there are possible four types of methylene groups (a-
d) in Figure 2.20, but for high conversions usually d type is not detected. 
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CH— CH2 	CH2— CH2— 





0 	 0 
11 d 	d 	11 
- C— CH2—CH2—C— CH2—CH2- 
Figure 2.20 
Each ethylenepyrrole (x) unit has 2 x a and each ethylene-CO (y) unit has b 
and c. The ratio of the number of the carbonyl groups reacted to total number of 
carbonyl groups originally present is 2x1(2x+y), where x and y represent the average 
number of the pyrrole unit and of the unreacted carbonyl groups. From the intensity 
ratio for the product (109) [ca. 0.5:11:0.5 for the signals at 41.55, 26.61, 20.76 ppm] 
the value for 2x1(2x+y) was calculated as 0.96. This represents 96% conversion of 
carbonyl groups to pyrrole units. 
The polymer product (110) derived from condensation of EP-CO-l%P with 
benzylamine was identified from its spectroscopic properties by comparison with 1-
benzyl-2,5-dimethylpyrrole (101) and 2-ethyl-5-(3 -oxopent- 1 -yl)- 1 -benzylpyrrole 
(105). The infrared spectrum showed a band of aromatic ring at 3086 cm 1 and a 
weak band of carbonyl group at 1713 cm* In the 13C-NMR spectrum a weak signal 
of carbonyl carbon was observed at 208.45 ppm and there are the characteristic peaks 
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as shown in Table 2.7. The intensity ratio Ca. 3:14:3 for the signals at 41.37, 26.19, 
20.18 ppm indicated 82% conversion of carbonyl groups to pyrrole units. 
c / ppm (CDC13) 
Polymer Phenyl group Pyrrole group CM2 
138.15 (PhC) 132.02 (C-pyrrole) 46.07 (CH2Ph) 
(110) 128.47, 127.28, 126.93, 104.44 (CH-pyrrole) 41.37, 26.19, 
126,85, 125.22 (PhCH) 20.18 
Table 2.7 
Pyrrole derivatives of EP-CO-15%P were synthesised similarly by Paal-
Knorr condensation with aniline and benzylamine, under reflux under nitrogen. 
0 R 
R= H 0.85, Me 0.15 
(111) R' = Ph, (112) R' = Bn, (113) R' = CH 2CO2Et 
As expected, the pyrrole polymer (111) derived from condensation of EP-
CO-i 5%P with aniline showed a more complex 13C-NMR spectrum in which signals 
are discernible for the quaternary carbon of phenyl group (at 138.21 ppm), 
quaternary carbons in pyrrole unit (at 132.92 and 131.84 ppm), tertiary carbons in 
phenyl group (at 128.82, 128.54, 128.38, 128.23 and 127.64 ppm), tertiary carbons in 
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pyrrole unit (at 106.42 and 104.40 ppm), methylene carbons (at 41.59 and 34.53 
ppm), methine carbons (at 31.44 and 31.18 ppm), methylene carbons (at 28.92, 
27.25, 26.75, 25.14 and 24.84 ppm), methyl carbon on pyrrole ring (at 21.14 ppm), 
methylene carbon (at 20.82 ppm) and methyl carbons (at 11.29 and 10.60 ppm). 
Although the 13C-NMR spectrum is more complex very weak signals at 41.59, 26.75 
and 20.82 ppm could be seen with integral ratio of 2:52:2. The absence of the 
carbonyl absorption at 1690 cm in the infrared spectrum and at 6c  210-208 ppm 
indicates a high degree of carbonyl to pyrrole conversion. 
The corresponding pyrrole derivative (112) derived from condensation of EP-
CO-i 5%P with benzylamine was identified from its spectroscopic properties. In the 
13C-NMR spectrum a weak signal of carbonyl group was detected at 208.47 ppm and 
there are characteristic signals as shown in Table 2.8. The intensity ratio of the 
signals at 41.38, 26.19 and 20.19 ppm is 2.3:6.5:2.3. 
c / ppm (CDC13 ) 
Polymer Phenyl group Pyrrole group J 	CH2 
138.17 (PhC) 13 2.04, 131.10(C) 46.18 (CH2Ph), 41.38, 
(112) 128.42, 127.04, 126.65, 106.39,104.45(CH) 34.92, 30.84, 27.35, 
126.75, 125.23 (PhCH) 26.19, 24.42, 20.19 
Table 2.8 
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The percentage of carbonyl conversion in the pyrrole polymer (109) derived 
from EP-CO-1%P, 96%, is higher than that reported by Sen and coworkers" (92%) 
for the reaction of E-CO with aniline. It can be calculated that random reaction of 
1 ,4-diones would lead to 86% incorporation of pyrrole units. 87  The absence of 
unreacted 1 ,4-dione units in the polymer products (109) indicates that the irreversible 
formation of the aromatic pyrrole unit is an essential driving force in the reaction of 
EP-CO with aniline, as observed in the model compound (104) derived from 
undecane-3,6,9-trione. The degree of carbonyl conversion is clearly higher than what 
would be expected if the primary amine could attack any part of the EP-CO 
copolymer chain at random leaving behind unreacted, single carbonyl groups. The 
higher than expected degree of carbonyl conversion is consistent with the cyclisation 
reactions starting from the end of a copolymer chain and proceeding toward the 
middle as the derivatised polymer segment dissolves. 89 
Condensations of EP-CO-l%P and EP-CO-15%P with glycine ethyl ester 
were carried out under neutral conditions in THF at room temperature. For EP-CO-
1%P the product was insoluble. However, an increase in mass indicated that some 
reaction had taken place. The infrared spectrum showed a strong absorption band of 
carbonyl group at 1690 cm' and a very weak band for the carbonyl ester group at 
1749 cm-1 indicating a low degree of conversion. In contrast, the reaction of EP-CO-
15%P gave a soluble polymer. The structure of the polymer product (113) derived 
from EP-CO-15%P was established by spectroscopic methods by comparison with 
data of the model compounds (103), (107) and EP-CO-15%P starting material. The 
infrared spectrum showed new absorption bands of aromatic ring at 3103 cm- , 
carbonyl group at 1750 and 1710 cm -1 . In the 13 C-NMR spectrum there are signals 
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for unreacted carbonyl groups at 211.83, 208.63 and 207.73 ppm. In addition to the 
expected signal for the pyrrole and polymer backbone units, there are distinctive 
peaks for the ethoxycarbonyl methyl group. The signals for carbonyl carbons of the 
ester group were observed at 169.13 and 168.72 ppm, for the methylene carbon of 
the ethyl ester at 61.43 ppm and for the methylene carbon adjacent to the nitrogen 
atom in the pyrrole unit at 44.64 ppm. From the intensity ratio of the carbonyl signals 
at 211.83, 208.63 and 207.73 ppm and carbonyl group of ester unit at 169.13 and 
168.72 ppm, Ca. 12.6:3.6, it was estimated that -P36% of the carbonyl groups in the 
starting material were converted to pyrroles. The polymer product (113) is more 







Attempted condensation of EP-CO-1%P and EP-CO-15%P with butylamine 
under acidic condition gave intactable black tarry materials, an effect attributed to 
side reactions such as acid-catalysed crosslinking. 
Pyrrole derivatives derived from EP-CO copolymers showed good solubility 
in common organic solvents. 
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2.8 	Conversion of 1-Hydroxyiminotrimethylene Polymers to 1-Acetoxy- 
iminotrimethylene Polymers and 1-Benzoxyiminotrimethylene Polymers 
The presence of the reactive hydroxyl group of the 1 -hydroxyimino-
trimethylene polymer (37) and (38) offers further scope for the preparation of novel 
polymers, e.g. 1-acetoxy- and 1-benzoxyiminotrimethylene polymers as illustrated in 
Scheme 2.10. 
4L base 10 
E 
OE 
E = MeCO, PhCO 
Scheme 2.10 
2.8.1 Model reactions of 2,5-bis(hydroxyimino)hexane 
2(L),5(E)-Bis(hydroxyimino)hexane (35) was treated with acetic anhydride in 
pyridine under an inert atmosphere at room temperature. 2(E),5(E)-Bis(acetoxy-
imino)hexane (114) was obtained in 75% yield and its structure established by 
spectroscopic methods. 
The infrared spectrum showed strong absorption bands for the carbonyl group 
at 1770 cm-1 and for the oxime (C=N) at 1637 cm -1 . The 'H-NMR spectrum 
exhibited peaks at 2.59, 2.09 and 1.95 ppm which were assigned to methylene, 
acetate and methyl protons, respectively. The 13 C-NMR spectrum showed resonances 
at 168.09 ppm for carbonyl carbon, at 164.24 ppm for oxime carbon, at 31.41 ppm 
for methylene carbon, at 18.90 ppm for methyl carbon of acetate group and at 15.02 










2(E),5(E)-Bis(benzoxyimino)hexane (115) was synthesised by treatment of 
2(E),5(E)-bis(hydroxyimino)hexane with benzoyl chloride in pyridine under an inert 
atmosphere at room temperature. The product was obtained as white crystals in 48% 
yield and identified from its spectroscopic properties. In the infrared spectrum there 
are absorption bands for the aromatic ring at 3095 and 3049 cm- , the carbonyl group 
at 1735 cm and the oxime (C=N) at 1632 cm -1 . In the 'H-NMR spectrum there are 
resonance for phenyl protons (at 8.07-8.03 and 7.63-7.41 ppm), methylene protons 
(at 2.81 ppm) and methyl protons (at 2.18 ppm). The 13C-NMR spectrum exhibited 
characteristic peaks for carbonyl carbon (at 165.81 ppm), oxime carbon (at 163.68 
ppm), tertiary carbon of phenyl ring (at 133.12, 129.42, 128.37 ppm), quaternary 
carbon of phenyl ring (at 128.92 ppm), methylene carbon (at 32.17 ppm) and methyl 
carbon (at 15.96 ppm). The spectroscopic data revealed that the product was 
exclusively 2(E),5(L)-bis(benzoxyimino)hexane; the (E,Z) and (Z,Z) isomers were 
not detected. 
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2.8.2 1-Acetoxyiminotrimethylene polymers 
Poly[( 1 -hydroxyiminotrimethylene)-co-(I -hydroxyimiono-3-methyltri-
methylene)] derived from EP-CO-1%P (37) was treated with acetic anhydride in 
pyridine under nitrogen atmosphere at room temperature. Under the conditions 
employed the starting material did not dissolve but during stirring for 3 days a 
viscous solution was gradually produced. Poly[( 1 -acetoxyiminotrimethylene)-co-( 1-
acetoxyimiono-3-methyltrimethylene)] (116) was obtained as a brown gum. The 
complete conversion of the hydroxyimino to acetoxyimino is discernible from the 
absence of peaks of OH group at 10.34 ppm in the proton spectrum and at 3208 cm 
in the infrared spectrum, which was replaced by the peak of carbonyl group at 1760 
cm-1 . In the 13C-NMR spectrum there are signals at 168.36 and 168.27 ppm for 
carbonyl carbons, at 166.26, 166.12 and 165.85 ppm for oxime carbons, at 30.29, 
30.15, 29.98, 29.88, 26.07, 26.01 and 25.83 ppm for methylene carbons, and at 19.53 
ppm for methyl carbons of acetate groups. The higher frequency methylene signals 
(30.29, 30.15, 29.98, 29.88 ppm) were assigned to the a-anti carbons by comparison 








M 	 n 
m= 0.99, n= 0.01 
	
(116) m = 0.99, n = 0.01 
m= 0.85, n= 0.15 (117) m= 0.85, n= 0.15 
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The multiple signals for oxime and methylene carbons is evidence for the 
presence of syn and anti acetoxyimino groups in the polymer product similar to those 
observed for 1 -hydroxyiminotrimethylene polymer (37). The similar intensities for 
the methylene signals indicates that there is little syn vs anti preference and that these 
units are randomly distributed. 
Poly[( 1 -hydroxyiminotrimethylene)-co-(I -hydroxyimiono-3 -methyltri-
methylene)] (38) derived from EP-CO- 1 5%P was treated with acetic anhydride under 
the same conditions yielded poly[ I -acetoxyiminotrimethylene)-co-(I -acetoxyimiono-
3 -methyltrimethylene)] (117) as a brown gum. 
2.8.3 1-Benzoxyiminotrimethylene polymers 
Poly[( 1 -hydroxyiminotrimethylene)-co-(I -hydroxyimiono-3 -methyltri-
methylene)] derived from EP-CO-1%P (37) and EP-CO-15%P (38) were treated with 
benzoyl chloride in pyridine under nitrogen atmosphere at room temperature for 3 
days. 	Poly[( 1 -benzoxyiminotrimethylene)-co-(I -benzoxyimiono-3-methyltri- 
methylene)] (118) and (119) were obtained and identified by their spectroscopic 
properties. 
in = 0.99, n = 0.01 
m= 0.85, n 0.15 
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In the infrared spectrum the absorption band of OH group at 3208 cm -1 is 
replaced by aromatic absorption band at 3061 cm -1 and carbonyl absorption band at 
1745 cm-1 . The absence of the signal of OH group at 10.34 ppm in the 'H-NMR 
spectrum compared with the starting material (37) indicates a high degree of 
hydroxyimino to benzoxyimino conversion. In the 13C-NMR spectrum there are 
characteristic signals at 167.52 and 166.72 for carbonyl carbons, at 163.32 and 
163.01 ppm for oxime carbons, at 145.06 ppm for quaternary carbon of phenyl ring, 
at 133.18, 129.30 and 128.46 ppm for tertiary carbons of phenyl ring and at 31.20, 
31.01, 30.41, 30.16, 26.59 and 26.47 ppm for methylene carbons. The higher 
frequency methylene peaks (31.20, 31.01, 30.41, 30.16 ppm) were assigned to the cc-
anti carbons by comparison with the data of 2,5-bis(benzoxyimino)hexane (115). 
The corresponding polymer product (119) showed a more complex 13C-NMR 
spectrum in which the characteristic signals for carbonyl carbons of ester groups are 
observed at 167.69, 167.59, 167.52, 167.42, 167.35 ppm and for phenyl ring at 
144.75 (PhC), 133.18, 129.34, 128.90, 128.48 and 128.20 ppm (PhCH). 
2.9 Beckmann Rearrangement Reaction 
2.9.1 Introduction to Beckmann rearrangement 
The Beckmann rearrangement is the skeleton rearrangement of ketoximes 
under appropriate conditions to give amides or lactams. Since the first discovery of 
this rearrangement by Beckmann in 1886,108  successive investigations have largely 
clarified its scope, reaction mechanism and stereochemical configuration of oximes 
employed. The reaction has found widespread use in organic synthesis. 
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The mechanism of the Beckmann rearrangement has been studied in great 
detail' 09 . It involves the formation of an electron-deficient nitrogen atom by the 
partial ionisation of the oxygen-nitrogen bond of the oxime with a simultaneous 
intramolecular migration of the group anti to the departing hydroxy group, producing 
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Scheme 2.11 
95 
The Beckmann rearrangement of E-CO-derived polyoximes would lead to 
polyamides, which are commercially important polymers and are currently produced 
from polymerisation of lactams and copolymerisation of diamines and dibasic acids. 
Therefore, it would potentially represent a new approach to the manufacture of 
synthetic polyamides (Scheme 2.12). 
L4 Beckmann rearrangement 
Scheme 2.12 
To examine the feasibility of Beckmann rearrangements for the polyoximes, 
experiments were first carried out using the model oximes, i.e. 2,5-
bis(tosyloxyimino)hexane (120), 2,5-bis(mesyloxyimino)hexane (121) and 2,5 -  
bis(hydroxyimino)hexane (35). 
2.9.2 2,5-Bis(tosyloxyimino)hexane and 2,5-Bis(mesyloxyimino)hexane 
2,5-Bis(tosyloxyimino)hexane (120) was synthesised by two procedures. 
Firstly (procedure I), 2,5-bis(hydroxyimino)hexane was treated with toluene-p-
sulfonyl chloride in pyridine at 0 °C and then stirred at room temperature for 24 
hours. The product was obtained in 75% yield as three isomers: (E,E) 66%, (E,Z) 
31% and (Z,Z) 3%. Secondly (procedure II), the reaction of 2,5-bis(hydroxyimino)-
hexane with toluene-p-sulfonyl chloride was carried out in dichloromethane using 
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triethylamine as a basic catalyst. The product (120) was obtained in 46% yield as two 
isomers: (E,E) 93% and (E,Z) 7%. 
TsO 	 IsO 	 ,OTs 
OTs 	 TsO 	 TsO' 





2,5-Bis(tosyloxyimino)hexane (120) was identified from its spectroscopic 
properties. The infrared spectrum exhibited absorption bands of aromatic ring at 
3095 and 3068 cm, oxime group (C=N) at 1642 cm, SO2 at 1371 cm and S-O at 
1185 cm'. In the 13C-NMR spectrum there are characteristic peaks at 166.19, 165.00 
and 164.85 ppm for C=N, at 144.90 ppm for ArC-S02, at 132.48 ppm for ArC-Me, at 
129.45, 128.51 ppm for ArCH, at 31.27 (E,Z), 31.09 (E,K), 26.04 (Z,Z), 25.83 (E,Z) 
ppm for methylene carbons, at 21.55 ppm for ArC-Me and at 19.73 (Z,Z), 19.56 
(E,Z), 15.73 (E,Z), 15.52 (E,E) ppm for methyl carbons. These peaks were assigned 
by comparison with the data of 2,5-di(methoxyimino)hexane (39) and their 
intensities. The percentage of isomers was estimated from the integral ratio of the 
signals at 8H  1.93, 1.89, 1.80 and 1.77 ppm for the methyl groups of the (E,Z), (Z,Z), 
(E,E) and (E,Z) isomers, respectively. 
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2,5-Bis(mesyloxyimino)hexane (121) was synthesised by two different 
procedures. Firstly (procedure I), 2,5-bis(hydroxyimino)hexane was treated with 
methanesulfonyl chloride in pyridine to afford white crystals in 61% yield. Secondly 
(procedure II), 2,5-bis (hydroxyimino)hexane in dichioromethane was treated with 
methanesulfonyl chloride in the presence of triethylamine as a basic catalyst. The 











It was found that the product prepared using procedure I was a mixture of two 
isomers, i.e. (E,E) 66% and (E,Z) 34%. The proportions of the two isomers were 
estimated from the integral ratio of the signals at 6H  2.05, 2.04 and 2.03 ppm for the 
methyl groups of (E,Z) and (E,E) isomers. In the 13C-NMR spectrum there are 
signals at 166.47, 165.89, 165.69 ppm for oxime carbons, at 36.38 ppm for methyl 
carbon of mesylate group, at 31.25, 31.1, 26.14 ppm for methylene carbons and at 
19.62 and 15.83 ppm for methyl carbons. The methylene peak at 31.25 ppm was 
assigned to the a-anti carbon of (E,E) isomer, at 31.13 ppm assigned to the a-anti 
carbon of (E,Z) isomer and at 26.14 ppm assigned to the a-syn carbon of (E,Z) 
isomer. The peak at 31.13 ppm was assigned to the a-anti methylene carbon of (E,Z) 
isomer since its intensity is similar to the intensity of the peak at 26.14 ppm. The 
98 
methyl signals at 19.62 and 15.83 ppm were assigned to a-anti and a-syn methyl 
carbons, respectively. The 13C-NMR spectrum is not well resolved and the methyl 
signals for (E,Z) isomer appeared as only one signal. 
2,5-Bis(mesyloxyimino)hexane (121) prepared using procedure II was the 
(E,E) isomer. In the 'H-NMR spectrum there are characteristic peaks at 3.11, 2.67 
and 2.05 ppm for methyl of mesylate group, methylene and methyl protons, 
respectively. The 13C-NMR spectrum exhibited signals at 165.88 ppm for oxime 
carbon (C=N), at 36.30 ppm for methyl carbon of mesylate group, at 31.16 ppm for 
the methylene carbon and at 15.88 ppm for the methyl carbon. 
2.9.3 Model Beckmann reaction of 2,5-bis(tosyloxyimino)hexane, 2,5-
bis(mesyloxyimino)hexane and 2,5-bis(hydroxyimino)hexane 
Heating 2,5-bis(tosyloxyimino)hexane (120) with potassium hydrogen 
carbonate in a mixed solvent of dioxane/water (3:1) at 70-75 °C for 24 h afforded 
white crystals of a mixture of NY-ethanediyl-bis-acetamide (122), N-acetyl--









The compounds (122), (123) and (124) were identified from their 
spectroscopic properties. In the infrared spectrum there are absorption bands of 
secondary amide (NH) at 3265 and 3080 cm, carbonyl group at 1644 cm - ' and C-N 
at 1290 cm* In the 'H-NMR spectrum (Figure 2.21) there are characteristic peaks at 
7.01, 6.87, 6.69 ppm for NH. The compound (122) showed peaks of methylene 
protons as a doublet at 3.30 ppm with a coupling of 5.2 Hz and a peak of methyl 
protons as a singlet at 1.93 ppm. The compound (123) exhibited peaks of H-3 at 3.44 
ppm as a quartet with a coupling of 6.1 Hz, H-6 at 2.73 ppm as a doublet with a 
coupling of 4.7 Hz, H-4 at 2.37 ppm as a triplet with a coupling of 6.1 Hz and H-i at 
1.91 ppm. The compound (124) showed peaks of H-i at 2.81 ppm as a doublet with a 
coupling of 5.3 Hz and H-3 at 2.47 ppm. 
The signals at 1.93 and 1.91 ppm were assigned to the methyl protons 
adjacent to carbonyl group of the compounds (122) and (123), respectively, since the 
intensity of the peak at 1.91 is similar to the intensity of the peak at 2.73 ppm for the 
methyl group adjacent to NH group of the compound (123). From the integral ratio 
of methylene signals in the proton spectrum it was estimated that the mixture 
contained Ca. 48.5 % of (122), 48.5% of (123) and 3% of (124). However, the 
starting material contained three isomers ca. (E,K) 66%, (E,Z) 31% and (Z,Z) 3%. 
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Figure 2.21 1 H-NMR spectrum of the products (122), (123) and (124) 
The corresponding Beckmann rearrangement of 2,5-bis(mesyloxyimino-
hexane (121) which contained (E,E) isomer 66% and (E,Z) isomer 34% (prepared 
from procedure I as described in 2.9.2) yielded a mixture of N-ethanediy1-bis-
acetamide (122) and N-acetyl-13-alaninmonomethylamine (123). The proportions of 
compounds (122) and (123) were estimated from the integral ratio of the methylene 
proton signals as 48 and 52%, respectively. This suggests that isomerisation had 
taken place before intramolecular migration of the group anti to the substituent on 
the oximino group. 
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The product from Beckmann rearrangement of 2(E),5(L)-bis(mesyloxy-
imino)hexane (121) (prepared from procedure I as described in 2.9.2) was N,IV -
ethanediyl-bis-acetamide (122), exclusively. This result confirms that migration of 
the substituent anti to the leaving group on nitrogen predominates to the extent that 
product identity may serve as a reliable indicator of oxime geometry. 
Treatment of 2,5-bis(hydroxyimino)hexane (35) with a mixture of 
phosphorus pentoxide and methane sulfonic acid (molar ratio 1:10) under heating at 
100 °C for 1 h. After work-up, the product was obtained as white crystals in 14% 
yield. From the integral ratio of methylene proton signals it was estimated that the 
product contained Ca. 87.5% of the compound (122) and 12.5% of the compound 
(123). 
Although the starting material was 2(E),5(E)-bis(hydroxyimino)hexane the 
product from Beckmann rearrangement consisted of a mixture of compounds (122) 
and (123). This confirms that oxime isomerisation had taken place under the 
conditions employed before rearrangement. 
In conclusion, 2,5-bis(tosyloxyimino)hexane, 2,5 -bis(mesyloxyimino)hexane 
and 2,5-bis(hydroxyimino)hexane can undergo rearrangement under the conditions 
employed and thermal isomerisation can occur before rearrangement taking place. 
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2.10 Beckmann Rearrangement of 1-Hydroxyiminotrimethylene Polymer 
In a pilot experiment, attempted Beckmann rearrangement of 1-
hydroxyiminotrimethylene polymer by treatment with phosphorus pentoxide and 
methanesulfonic acid at 100 °C gave an intractable material. Also, attempted 
conversion of 1 -hydroxyiminotrimethylene polymer to 1 -tosyloxyiminotrimethylene 
polymer and 1 -mesyloxyiminotrimethylene polymer by treatment with toluene-p-
sulfonyl chloride and methanesulfonyl chloride in pyridine gave black tarry 
materials. 
2.11 Conclusions and Future Work 
The alternating polyketones, ethene/propene-carbon monoxide copolymers, 
have been chemically modified thus affording new classes of functionalised 
polymers, e.g. dioxolane, oxime, pyrrole derivatives. The reactive carbonyl groups in 
the polymer backbone provided additional functionalised pathways since these 
groups could react as isolated carbonyl groups or as 1 ,4-dione units. Because of the 
very low solubility of polyketones in common organic solvents, functionalisation of 
the backbone methylene groups can not readily be achieved. Fortunately, the 
solubility of the polymethoxime derivatives provided the opportunity to modify via 
a-substitution reactions with electrophiles. 
Hexane-2,5-dione and undecane-3,6,9-trione which were chosen as model 
compounds, proved to be very useful for establishing the reaction conditions and 
characterisation of the modified polymers. Undecane-3,6,9-trione was an especially 
good model compound since the NMR data of its derivatives were very similar to 
those observed in the polymer products. It was also noted that some reactions could 
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be accomplished easily on hexane-2,5-dione derivatives, but could not be achieved 
on the corresponding undecane-3,6,9-trione derivatives. The reactivity of the 
polyketones more closely resembled that of undecane-3,6,9-trione. 
Beckmann rearrangement of 2,5-bis(hydroxyimino)hexane was 
accomplished easily. Time did not permit detailed studies of the Beckmann 
rearrangement of the polyoximes. However, it should be possible to synthesise 
polyamides from polyketones via the 1 -hydroxyiminotrimethylene polymer. 
The base-induced a-substitution reactions of the polymethoximes may 
provide an opportunity to prepare graft/comb copolymers by copolymerisation with 
vinyl monomers. For example, using methyl acrylate, ethyl acrylate, methyl vinyl 
ketone and ethyl vinyl ketone as electrophiles a polymethoxime bearing polyacrylate 
or poly(vinyl ketone) grafts could be formed (Scheme 2.13). 
Further modifications are also possible. For example, polyketones could be 
reduced to the poly(1 -hydroxyltrimethylene) (125) (Figure 2.22), either by catalytic 
hydrogenation or by use of hydride reducing agents. The product could be lead to 
ester and urethane derivatives (126) and (127) by reaction with acyl halides and 
isocyanates, respectively. Polyketones could also be converted to polyamines (128) 
and polyhydrazones (129), respectively, by reductive amination with primary or 
secondary amines and by treatment with NN-dialkylhydrazine. Additionally, 
poly(hydroxylamine) derivatives (130) could be formed by reduction of polyoximes, 
poly(acyl oximes) and poly(alkyl oximes). 
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R 
R = Me, Et, OMe, OEt 
Scheme 2.13 
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The alternating ethene-carbon monoxide (E-CO) E:CO = 1:1 (19) [white 
powder, m.p. 230 °C, M = 1500] and alternating ethene/propene-carbon monoxide 
(EP-CO) copolymers E:P:CO = 0.99:0.01:1.00 (20) [white powder, m.p. 248 °C] and 
E:P:CO = 0.85:0.15:1.0 (21) [off white powder, m.p. 160 °C, M = 6000] were 
supplied by BP Research Centre, Sunbury and BP Chemicals, Grangemouth. 
FT-IR spectra of model compounds and polymer products were recorded on 
Perkin-Elmer Paragon 1000 and on Bio-Rad FTS-7 spectrophotometers. Powder 
products were examined as KBr discs and liquids were recorded as thin films using 
NaCl plates. The sticky polymers were cast as thin films by evaporation from a 
suitable solvent. 
'H- and 13C-NMR were recorded on Bruker WP200SY, AC250 and WH360 
spectrometers by Mr. J.R.A. Millar and Dr. D. Reed. Chemical shifts () in all 
spectra are measured in parts per million using tetramethylsilane (ö = 0.00) as the 
reference signal. 
Melting points were measured on a Gallenkamp capillary tube apparatus and 
are uncorrected. 
Norminal and accurate mass measurements (El and FAB), were recorded by 
Mr. A. Taylor and Mr. H.G. McKenzie on Kratos MS50TC instrument using either 
thioglycerol or m-nitrobenzyl alcohol as the matrix. 
Elemental analyses were performed by Dr. L. Eades on a Perkin Elmer 2400 
elemental analyser. 
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All solvents and reagents were standard grade and were used as supplied 
unless otherwise stated. Pyridine was dried over potassium hydroxide. Dry THF was 
freshly distilled from calcium hydride. Aniline was distilled from zinc dust. 
Triethylamine, nitromethane, bromobutane, iodopropane and hexane-2,5-dione were 
distilled before use. 
The strengths of solutions of n-butyllithium in hexane were determined by 
titration with 2,5-dimethoxybenzyl alcohol. 110 In a typical titration distilled 2,5-
dimethoxybenzyl alcohol (100 mg) was weighed into a small flask fitted with a 
magnetic stirrer and sealed with a septum. The flask was flushed with nitrogen and 
the alcohol was dissolved in dry THF (3m1). The n-butyllithium in hexane was added 
dropwise with a syringe until the solution was just charged with a pink colour. 
3.2 	Synthesis of Model Compounds 
3.2.1 Synthesis of undecane-3,6,9-trione 
The reaction was carried out according to the method of Ballini et al. 93 
Ethyl vinyl ketone (1.37 g, 16.28 mmol) and nitromethane (526 mg, 8.62 
mmol) were mixed together with cooling in an ice/water bath for 10 mm. Alumina 
(Activity I, 3 g) was added and stirring continued 
overnight at room temperature. Methanol (20 ml) 
0 was added and the mixture cooled to 0 °C. After 
addition of H202 (27.5% aqueous solution, 16.5 ml) and K2CO3 (5.00 g) the resultant 
mixture was stirred overnight at room temperature. The mixture was acidified with 
2M HC1 to pH = 3 and extracted with dichioromethane (3 x 30 ml). The combined 
extracts were washed with water (2 x 20 ml), dried with anhydrous magnesium 
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sulfate (MgSO4) and evaporated to afford yellow crystals which were recrystallised 
from hexane. White crystals of undecane-3,6,9-trione (18) were obtained (548 mg, 
34%), m.p. 79-80 °C [lit.93 77 °C]. vmax/cm' (KBr disc) 1693 (C=O); oH (200 MHz, 
CDC13) 2.77-2.65 (8H, m, H-4,5), 2.45 (4H, q, J = 7.4 Hz, H-2), 1.03 (6H, t, J = 7.4 
Hz, H-i); 8c  (62.9 MHz, CDC13) 209.84, 208.03 (C=O), 35.92, 35.64, 35.50 (C-
2,4,5), 7.57 (C-i). 
3.2.2 Reactions of hexane-2,5-dione and undecane-3,6,9-trione with alkane-
1 ,2-diols 
General Procedure : A mixture of hexane-2,5-dione, alkane-1,2-diol and 
toluene-p-sulfonic acid (20 mg) in toluene (40 ml) was heated under reflux with a 
Dean-Stark trap until all water evolved. The solution was washed with saturated 
aqueous sodium carbonate (Na2CO3) and dried with MgSO4. The solvent and the 
excess alkane- 1 ,2-diols were removed by using a rotary evaporator and the crude 
product was purified by vacuum distillation. The quantities of reactants, reaction 
time and yields are shown in Table 3.1. 
2,5-Bis(1,3-dioxolane-2-spiro)hexane (24); Vma,. /cm-1 (KBr), 1106 (C-O); 0H  (200 
5 4 	MHz, CDC13) 3.87 (8H, s, H-4, 11-5), 1.68 (4H, s, H-b), 1.25 
(6H, s, H-a); Oc  (62.9 MHz, CDC13) 109.66 (C-2), 64.50 (C- 





Alkane- 1 ,2-diol I Hexane-2,5-dione 
Ethane-1,2-diol 3.02 g (24) white crystals 
10 ml 26.46 mmol 10 m.p. 57-58 °C 3.01 g 
[lit." 58 °C] 56% 
Propane-1,2-diol 3.00 g 48 a colourless 4.54 g 
10 ml 26.28 mmol liquid 75% 
Butane-1,2-diol 2.03 g 24 a colourless 2.87 g 
5 ml 17.78 minol liquid 61% 
Hexane-1,2-diol 2.00 g 24 a pale yellow 3.41 g 
5 ml 17.52 mmol oil 62% 
Table 3.1 
2, 5-Bis(4-methyl-1, 3-dioxolane-2-spiro)hexane (25); m/z (El) 231.15961 (MH, 
C 12H2304 requires 231.15964); Vm /cm-1 (thin film) 1065 (C-O); 8H  (250 MHz, 
CDC13) 4.24-4.10 (1H, m, H-4), 4.07-3.97 (1H, m, H-5a), 
3.44-3.30 (1H, 3 X t, JH5a,H5b, JH5b,H4 = 7.8 Hz, H-5b), 1.71 
(2H, 2 x t, J= 8.0 Hz, H-b), 1. 13, 1.27 (3H, 2 X d, JMe,H4 
10.5 Hz, Me), 1.24, 1.22 (3H, 2 x s, H-a); 5c (62.9 MHz, 
CDC13) 110.01, 109.94, 109.86, 109.79 (C-2), 72.27, 72.19, 71.57 (C-4), 71.08, 
71.03, 70.70 (C-S), 34.32, 33.96, 33.60, 33.13 (C-b), 25.04, 24.96, 24.33, 24.24 (C-
a), 18.43, 17.86, 17.84 (Me). 
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2, 5-Bis(4-ethyl-1, 3-dioxolane-2-spiro)hexane (26); mlz (El) 259.19098 (MH, 
C14H2704 requires 259.19094); Vm /cm-1 (thin film) 1070 (C-O); 8H  (250 MHz, 
CDC13) 4.02-3.91, 3.49-3.36 (3H, 2 x m, H-4,5), 1.68 (2H, 2 x t, 
J= 7.1 Hz, H-b), 1.65-1.42 (2H, m, CH2 Et), 1.28, 1.26 (3H, 2 x 
a 	 s, H-a), 0.88 (3H, 2 x t, J = 7.5 Hz, CH3 Et); 6c (62.9 MHz, 
CDC13) 109.94, 109.88, 109.80, 109.73 (C-2), 77.55, 77.46, 
76.89, (C-4), 69.37, 69.31, 69.05, 69.01 (C-5), 34.26, 33.89, 33.49, 33.02 (C-b), 
26.46, 26.41, 26.10, 26.03 (CH2 Et), 24.88, 24.78, 24.10, 24.04 (C-a), 9.72, 9.59 
(CH3 Et). 
2,5-Bis(4-butyl-1, 3-dioxolane-2 -spiro) hexane (27); m/z (El) 315.25328 (MH, 
C 18H3 504 requires 315.25354); requires Vmax /cm-1 (thin film) 1105 (C-O); oH (250 
MHz, CDC13) 4.05-3.96, 3.50-3.37 (3H, 2 x m, H-4,5), 1.70 
Bu 
(2H, 2 x t, J= 7.1 Hz, H-b), 1.66-1.57 (2H, m, CH2 Et), 1.49- 
1.36 (4H, m, CH2 Et), 1.30, 1.27 (3H, 2 x s, H-a), 0.87 (3H, t, J 
Bu'' = 6.9 Hz, CH3 Et); oc (62.9 MHz, CDC13) 109.88, 109.82, 
109.76, 109.69 (C-2), 76.40, 76.36, 75.76 (C-4), 69.80, 69.74, 69.43 (C-5), 34.34, 
34.02, 33.99, 33.57, 33.25, 33.11, 32.86 (CH2 Et, C-b), 27.82, 27.73 (CH2 Et), 24.94, 
24.85, 24.19, 24.13 (C-a), 22.57 (CH2 Et), 13.85 (CH3 Et). 
Reaction of undecane-3 ,6,9-trione (280 mg, 1.41 mmol) with ethane- 1 ,2-diol 
(10 ml) and toluene-p-sulfonic acid (20 mg) in toluene (40 ml) was performed as 
described above. Removal the solvent afforded yellow crystals which were 
recrystallised from hexane. 3,6, 9-Tris (1 , 3-dioxolane-2-spiro)undecane (28) was 
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obtained as white crystals, (3 76 mg, 8 1%), m.p. 49-50 °C, [Found: C 62.15, H 9.15 
C17H3006 requires C 61.82, H 9.09%], mlz (El) 331.21219 (MH, C 1 7H3106 requires 
5 	4 	 331.21207); Vm a,, /cm (Nujol) 1073 (C-O); oH 
/_\ /_\ 
(200 MHz, CDC13) 3.90 (12H, s, H-4,5), 1.65 (8H, 
s, H-c,d), 1.60 (4H, q, J= 7.5 Hz, H-b), 0.88 (6H, 
t, J= 7.5 Hz, H-a); 0c  (62.9 MHz, CDC13) 111.63, 111.15 (C-2), 64.83, 64.78 (C-
4,5), 30.99, 30.44, 29.74 (C-b,c,d), 7.94 (C-a). 
3.2.3 Reaction of hexane-2,5-dione and undecane-3,6,9-trione with 
hydroxylamine 
Procedure I : An aqueous solution of hydroxylamine hydrochloride (1.84 g, 
26.47 mmol) and sodium hydroxide (1.10 g, 27.50 mmol) was added to a solution of 
hexane-2,5-dione (1.00 g, 8.76 mmol) in THF (5 ml). The mixture was stirred at 
room temperature for 3 days and then poured into water (50 
HO 
N 	 ml) to remove inorganic salts. Filtration afforded 2(E),5(L)- 
1 2 3  
N 	bis(hydroxyimino)hexane (35) as a white solid (1.132 g, 
OH 
88%), m.p. 136-137.5 °C), [lit. 112 135.5-137 °C]. v../cm' 
(KBr disc) 3245 (OH), 1675 (CN); 0H  (200 MHz, DMSO-d6) 10.26 (2H, s, OH), 
2.26 (4H, s, H-3),1.70 (611, s, H-i); Oc  (62.9 MHz, DMSO-d6) 154.62 (C=N), 32.22 
(C-3), 13.32 (C- 1). 
[Lit95 published data for 2-hydroxyiminobutane; ct-anti CH3 18.9 ppm, a-syn CH3 
13.0 ppm] 
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Procedure II: A solution of hexane-2,5-dione (366 mg, 3.21 mmol) in ethanol 
(5 ml) was added to a solution of hydroxylamine hydrochloride (840 mg, 3.21 mmol) 
in pyridine (10 ml) and stirred at room temperature for 6 h. The resultant solution 
was concentrated to a few millilitres, poured into water (50 ml) and extracted with 
ethyl acetate (3 x 20 ml). The ethyl acetate solution was dried over MgSO4. Removal 
of the solvent afforded the product (35) as a white solid which was recrystallised in 
methanol (335 mg, 72%), m.p. 136-137.5 °C. 
The reaction of undecane-3,6,9-trione (300 mg, 1.51 mmol) with 
hydroxylamine hydrochloride (630 mg, 9.06 mmol) in pyridine (10 ml) was carried 
out using procedure II. Removal of the solvent afforded 3,6,9- 
OH 	 OH 
OH 
tris(hydroxyimino)undecane (36) as a white 
solid which was washed with dichloromethane 
and dried in vacuo (100 mg, 27%), m.p. 149 °C; 
[Found: C 54.17, H 8.69, N 17.15 : C 11 H21N303 
requires C 54.32, H 8.64, N 17.28%]; v,,,/cm (KBr disc) 3228 (OH), 1672 (C=N); 
H (200 MHz, DMSO-d6) 10.37, 10.31, 10.26 (3H, 3 x s, OH), 2.35, 2.29 (8H, 2 x s, 
H-4,5), 2.22, 2.11 (4H, 2 x q, J= 7.3 Hz, H-2), 0.98, 0.94 (6H, 2 x t, J= 7.3 Hz, H-
1); 8c (62.9 MHz, DMSO-d6) 158.94, 158.78, 157.36 (CN), 30.42, 29.84, 26.92, 
23.32, 23.08, 20.45 (C-2,4,5), 10.93, 10.09 (C-i). 
3.2.4 Reaction of pentane-3-one with O-methylhydroxylamine 
A solution of pentane-3-one (700 mg, 8.13 mmol) in THF (5 ml) was treated 
with aqueous solution of O-methylhydroxylamine, prepared from 0- 
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methyihydroxylamine hydrochloride (1020 mg, 12.22 mmol) and sodium hydroxide 
(492 mg, 12.23 mmol) in water (5 ml). After stirring at room temperature for 5 days, 
OMe 
water (10 ml) was added and the resulting solution extracted with 
N' 
ether (3 x 20 ml). The combined extracts were washed with aq. 
3 	5 
2 4 
Na2CO3 (satd., 3 x 10 ml) and dried over MgSO4. Removal of the 
solvent and distillation afforded 3-methoxyiminopentane (43) as a colourless liquid 
(388 mg, 41%), b.p. 112 °C, [lit.  113 116-117 °C]. v.,,/cm' (thin film) 1635 (C=N), 
1058 (C-O); 8H  (200 MHz, CDC13) 3.74 (OMe), 2.23 (2H, q, J= 7.7 Hz, H-4), 2.12 
(2H, q, J= 7.7 Hz, H-2),1.01 (3H, t, J= 7.7 Hz, H-i), 0.98 (3H, t, J= 7.7 Hz, H-5); 
6c (50.3 MHz, CDC13) 162.78 (C=N), 60.27 (OMe), 26.30 (C-2), 20.30 (C-4), 10.43 
(C-i), 9.66 (C-5) [a-syn and a-anti CH2 were identified from NOE, 13C_  'H 
HETCOR and 1 H-'H COSY spectra]. 
3.2.5 Reaction of hexane-2,5-dione and undecane-3,6,9-trione with 0-
methyihydroxylamine 
Procedure 1_ : An aqueous solution of O-methylhydroxylamine was prepared 
from O-methylhydroxylamine hydrochloride (2.19 g, 26.22 mmol) and sodium 
hydroxide (1.10 g, 27.50 mmol) in water (10 ml). This was added to a solution of 
oNk 	
hexane-2,5-dione (1.00 g, 8.76 mmol) in THF (5 ml). The mixture 
was stirred at room temperature for 6 days, then water (50 ml) 
	
N 	was added and the product extracted with diethyl ether (3 x 20 
oJv 
ml). The diethyl ether solution was washed with aq. Na2CO3, 
H20, dried (MgSO4) and evaporated. The residue was distilled in vacuo (100-105 °C, 
--1.5 mmHg) to give 2,5-di(methoxyimino)hexane (39) [lit. 96 b.p. 70-75 °C/0.1 
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mmHg for (Z,Z) and 95-105 °C/0.1 mmHg for (EE)] as a colourless oil (1.35 g, 
90%). vmax/cm' (thin film) 1637 (C=N), 1058 (C-O); 6H  (200 MHz, CDC13) 3.75, 
3.74, 3.73, 3.72 (61-1, 4 x s, OMe), 2.48-2.21 (4H, s and m, H-3), 1.80, 1.77, 1.76 (6H, 
3 x s, H-i); 8C (62.9 MHz, CDC13) 156.76, 156.16, 156.12 (CN), 60.96, 60.91 
(OMe), 32.51, 31.5 8, 26.03, 24.99 (C-3), 19.77, 19.60, 13.83, 13.71 (C- 1). 
Integral ratio of signals at SH 2.48-2.21 ppm is Ca. 28:26:15 for (E,E):(E,Z):(ZZ) 
[Lit95  H  (90 MHz, CDC13); (Z,Z) isomer: 3.81(6H, s), 2.47(4H, s), 1.87(6H, s) 
(E,E) isomer: 3.82(6H, s), 2.39(4H, s), 1.84(6H, s) 
c (90 MHz, CDC13); (Z,Z) isomer: 156.89(s), 61.16(q), 25.28(t), 19.8(q) 
(E,E) isomer: 156.30(s), 61.22(q), 32.76(t), 14.04(q)] 
Procedure II: A mixture of hexane-2,5-dione (500 mg, 4.38 mmol), 0-
methy1hydroxylamine hydrochloride (1100 mg, 13.17 mmol), sodium hydroxide 
(530 mg, 13.25 mmol), THF (5m1) and water (10 ml), prepared as described above, 
was heated and stirred under reflux at 70 °C for 4 days. After this period, the product 
was isolated as above. The product (39) was a colourless oil (692 mg, 92%). 
Integral ratio of signals at the same 8H  is ca. 47:28:10 for (E,L):(E,Z):(Z,Z). 
Procedure III : A solution of hexane-2,5-dione (500 mg, 4.38 mmol), 0-
methylhydroxylamine hydrochloride (I 100 mg, 13.17 mmol), pyridine (10 ml) and 
ethanol (10 ml) was stirred at room temperature for 24 h. The mixture was 
concentrated, poured into water (50 ml) and the product isolated as described before. 
A colourless oil of the product (39) (624 mg, 83%) was obtained upon the complete 
removal of the solvent under reduced pressure. 
Integral ratio of signals at the same 8H  is Ca. 28:22:2 for (E,E):(E,Z):(Z,Z). 
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The reaction of undecane-3,6,9-trione (303 mg, 1.53 mmol) with 0-methyl 
hydroxylamine hydrochloride (634 mg, 7.59 mmol) in pyridine (10 ml) was carried 
out using procedure III. After solvent removal, the residue was distilled in vacuo 
OMe 	 OMe 
OMe 
(200-210 °C, -4 nmil-lg) to give 3,6,9-
tri(methoxyimino)hexane (42) as a pale yellow oil 
(351 mg, 80%), m/z (El) 285.20592 [M, 
C 14H27N303 requires 285.20524]. v../cm -1 1632 
(C=N), 1052 (C-O); oH (360 MHz, CDC13) 3.774, 3.771, 3.767, 3.764, 3.759 (9H, 5 x 
s, OMe), 2.47-2.36 (8H, multiple signals of cc-anti and a-syn H-4,5), 2.35-2.23 (2H, 
m (q + fine splittings), a-syn H-2), 2.21-2.13 (2H, m (q + fine splittings), cc-anti H-
2), 1.09-0.97 (6H, m (2 x t + fine splittings) a-syn and cc-anti H-i); 8c  (62.9 MHz, 
CDC13) 160.86, 160.78, 158.90, 158.83, 158.79 (C=N), 61.04, 60.96, 60.90 (OMe), 
30.78, 30.69, 30.11, 30.04, 29.39, 29.36 (a-anti C-4,5), 27.41, 27.36 (a-anti C-2), 
25.40, 25.11, 24.78, 24.47, 24.18, 23.86 (a-syn C-4,5), 21.42, 21.21, 21.17 (a-synC-
2), 10.90, 10.79, 10.12, 10.08 (C-i) [a-syn and a-anti CH2 were identified from ' 3C-
'H HETCOR and 'H-'H COSY spectra]. 
Reaction of hexane-2,5-dione with O-methylhydroxylamine was repeated 
using a 1:1 molar ratio. Hexane-2,5-dione (100 mg, 0.88 mmol) in ethanol (5 ml) 
was treated with aqueous solution of O-methylhydroxylamine hydrochloride (74 mg, 
0.89 mmol) and sodium acetate (75 mg, 0.91 mmol) in water (3 ml). The mixture 
was degassed for 5 min and then refluxed under N 2 atmosphere for 24 h. The 
resulting mixture was poured into water (10 ml) and extracted with diethyl ether (3 x 
10 ml). The combined extracts were washed with aq. Na2CO3 (satd., 10 ml) and dried 
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with MgSO4. Removal of the solvent afforded a yellow oil (30 mg). v m /cm' (thin 
film) 1714 (C=O), 1635 (C=N), 1050 (C-O); oH (250 MHz, CDC13) 5.56 (H-3,4 41), 
3.85 (OMe 41), 3.77, 3.76, 3.75, 3.74 (OMe 39, 40), 2.66 (s, CH2 dione), 2.62, 2.59 
(2 x t, J = 7.3 Hz, 11-3,4 40), 2.49-2.37 (m, (E,Z), (Z,Z), H-3 39), 2.33 (s, (EE), H-3 
39), 2.31-2.27 (m, (E,Z), H-3 39), 2.18 (s, H-a,b 41), 2.14, 2.11 (H-6 41, Cl-I3 dione), 
1.83, 1.82, 1.79, 1.76 (H-i 39); Oc  (62.9 MHz, CDC13) 207.45, 207.03, 206.88 
(C=O), 156.76, 156.14, 155.40 (C=N), 122.68 (C-2,5 41), 100.61 (C-3,4 41) 65.18 
(OMe 41), 60.96, 60.41 (OMe 39, 40), 39.18, 38.96 (C-3,4 40), 36.72 (CH2 dione), 
32.51 (EE), 31.58 (E,Z) (C-3 39), 29.93, 29.70 (E, C-3 40), 29.47 (C-6 40), 26.03 
(E,Z), 25.00 (Z,Z) (C-3 39), 23.66 (Z, C-3 40), 20.11 (Z, C-i 40), 19.75 (E,Z), 19.58 
(Z,Z) (C-i 39), 14.44 (E, C-i 40), 13.82 (E,E), 13.69 (E,Z) (C-i 39), 10.23 (C-a,b 
41). 
O?v 
N 	 N 	 43 
((Y 	 a—[)j--b 
N 0 	 I 
OMe 
O1v 
(39) 	 (40) 	 (41) 
3.2.6 Reaction of hexane-2,5-dione and undecane-3,6,9-trione with O-benzyl-
hydroxylamine 
A solution of hexane-2,5-dione (200 mg, 1.75 mmol) and 0-
benzy1hydroxylamine hydrochloride (836 mg, 5.24 mmol) in pyridine (10 ml) was 
stirred at room temperature for 24 h. Then water (50 ml) was added and the product 
extracted with diethyl ether (3 x 20 ml). The ether solution was washed with aq. 
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Na2CO3, H20, dried (MgSO4) and evaporated. The residue was distilled in vacuo 
(150 °C, 1.5 mmHg) to give 2, 5-di(benzyloxyimino)hexane (47) as a yellow oil (498 
mg, 88%), m/z (El) 324.18523 (Mt, C20H24N202 requires 
OCH2Ph 	
324.18378). vmax/cm 1 (thin film) 3086, 3062, 3029 (Ph), 1950, 
1875, 1809, 1750 (overtone region of Ph), 1637 (C=N), 1045 
(!)CH2Ph (C-O); 6H (200 MHz, CDC1 3) 7.38-7.31 (10H, m, Ph!]), 5.09, 
5.08, 5.07, 5.06 (4H, 4 x s, CH2Ph), 2.64-2.34 (41-1, s and m, H-3), 1.87, 1.86, 1.85 
(611, 3 x s, H-i); 8C (62.9 MHz, CDC1 3) 157.37, 157.24, 156.69, 156.63 (C=N), 
138.19, 138.11, 138.05 (PhC), 128.11, 127.77, 127.73, 127.68, 127.43, 127.38 
(PhCH), 75.22, 75.16 (CH 2Ph), 32.42, 31.63, 26.19, 25.30 (C-3), 19.78, 14.21, 14.16 
(C-i). 
Integral ratio of signals at 8H  2.64-2.34 ppm is Ca. 45:26:9 for (E,E):(E,Z):(Z,Z). 
The reaction of undecane-3,6,9-trione (200 mg, 1.01 mmol) with 0-
benzy1hydroxylamine hydrochloride (780 mg, 4.89 mmol) in pyridine (5 ml) was 
performed as described above. Removal the solvent afforded a light brown oil which 
OCI-I2Ph 	OCI-I2Ph 
was submitted to dry flash chromatography 
(silica; 1:1 diethyl ether:hexane) to yield 3,6,9- 
tri(benzy1oxyimino)undecane (48) as a yellow oil 
6CH2Ph (440 mg, 85%), m/z (El) 513.29928 (M, 
C32H39N303 requires 513.29914). v m /cm' (thin film) 3085, 3061, 3029 (Ph), 1949, 
1877, 1808, 1748 (overtone region of Ph), 1631 (C=N), 1050 (C-O); 611 (200 MHz, 
CDC13) 7.34 (15H, br m, PhH), 5.06 (61-1, br s, CH2Ph), 2.58-2.06 (12H, m, H-2,4,5), 
1.12-0.94 (6H, m, H-i); 6c  (62.9 MHz, CDC1 3) 161.38, 161.28, 161.23, 161.18, 
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161.15, 161.12, 159.40, 159.33, 159.19, 159.16 (C=N), 138.30, 138.18, 138.03, 
137.99, 137.95 (PhC'), 128.08, 127.83, 127.77, 127.74, 127.68, 127.66, 127.45, 
127.41, 127.38, 127.33 (PhCH), 75.33, 75.29, 75.21, 75.18, 75.12 (CH2Ph), 30.65, 
30.05, 29.94, 29.38, 29.33 (a-anti C-4,5), 27.45, 27.41 (a-anti C-2), 25.57, 25.31, 
24.93, 24.85, 24.70, 24.41, 24.06 (a-syn C-4,5), 21.73, 21.68, 21.50, 21.42 (a-syn C-
2), 10.89, 10.84, 10.76, 10.73, 10.12, 10.08, 10.05 (C-i). 
3.2.7 a-Substitution reactions of 2,5-di(methoxyimino)hexane 
The reactions were modified from the method of Shatzmiller and Lidor. 96 
In a typical reaction, a solution of 2,5-di(methoxyimino)hexane (200 mg, 
1.16 mmol) in dry freshly distilled THF (10 ml) was stirred under N 2 atmosphere for 
10 min at —78 °C and n-butyllithium (1.6 M solution in hexane, 2.20 ml, 3.52 mmol) 
was added dropwise. After stirring for 4 h, a solution of [0- 2H]methanol (CH30D, 
115 mg, 3.48 mmol) in dry THF (1 ml) was added slowly (over 15 mm) and stirring 
continued for 2 h. The solution was warmed up to 0 °C in an ice bath, water (5 ml) 
added slowly and stirring continued for 10 mm. The resulting mixture was extracted 
with diethyl ether (3 x 20 ml). The combined extracts were dried with MgSO4 and 
evaporated. The residue was a yellow oil which was distilled in vacuo (b.p. 60-65 °C, 
0.8 mmHg) to afford a mixture of deuterated compounds (65), (66), (67) together 
with some unreacted starting material (39) as a colourless oil (150 mg, 75% 
combined yield), m/z (FAB) 174.13575 (M +1, C 8H 16DN202 requires 174.13529), 
175.14134 (M +1, C8H 15D2N202 requires 175.14156). vm /cm' 1636 (C=N); 6D 
(55.28 MHz, CDC13) 1.79 (CH 2-D); 5H  (360 MHz, CDC1 3) 3.83, 3.82, 3.81 (3 x s, 
OMe), 2.53-2.46 (m, (E,Z) and (Z,Z), CH2), 2.39 (s, (E,E), CH2), 2.36-2.32 (m, (E,Z), 
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CH2), 1.88, 1.87, 1.84 (3 x s, CH3), 1.83, 1.82, 1.81 (t, 1:1:1, J ('H_2  D)2.2 Hz, 
DCH2); 6c  (90.56 MHz, CDC13) 156.67 (E,Z), 156.64 (Z,Z) (C=N), 156.05, 156.04, 
156.03 (t, J('3 C-2D) = 0.9 Hz, (E,E), C=N), 156.00, 155.99, 155.98 (t, J(' 3C-2D) = 
0.9 Hz, (E,Z), C=N), 60.95, 60.92, 60.87 (OMe), 32.47 ((E,E), CH2), 31.57, 31.49, 
26.02 ((E,L), (Z,Z), GIl2), 19.72, 19.70, 19.56, 19.53 ((E,Z), (Z,Z), CH3), 15.05 
((E,E), GIl3) 13.78, 13.56, 13.34 (t, J (' 3C-2 D) = 19.5 Hz, (EE), DGH2), 13.65, 
13.43, 13.21 (t,J('3C-2D) = 19.5 Hz, (E,Z), DCH2). 
MeO 
	













The reactions of 2,5-di(methoxyimino)hexane with iodomethane, 1-
iodopropane, 1 -bromobutane, benzyl bromide and allyl bromide were carried out 
using the procedure described above for the a-deuteration reaction. The quantities of 
reactants, products and yields are shown in Table 3.2. 
2, 5-Di(methoxyimino)heptane (51&52) and 3, 6-bis(methoxyimino)octane (53); m/z 
(El) 186.13621 (M, C 9H 18N202 requires 186.13683), 200.15210 (Mt, C10H20N202 
requires 200.15248); v m /cm' 1631 (C=N); 8H  (250 MHz, CDC13) 3.779, 3.766, 
3.753, 3.75 1 (OMe), 2.47-2.32 (m, CH2), 2.27 (q, J = 7.6 Hz, CH2 .CH3), 1.84, 1.80, 
1.76, 1.75 (CH3), 1.01 (t, J = 7.6 Hz, (CH2-CH3); oc (62.9 MHz, CDCI3) 160.99, 
160.73, 157.08 (C=N), 60.96 (OMe), 30.25, 29.29, 26.16, 21.42, 21.14 (CH2), 19.85, 
10. 16, 10.09 (GIl3). 
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Reactants 
n-Butyllithium Products Yields' Electrophilic 2,5-Di(methoxy- 
reagent imino)hexane solution 
lodomethane 200 mg 1.6 M (51-53) a pale 208 mg 
504 mg 1.16 mmol 2.20 ml yellow oil 96% 
3.55 mmol 3.52 mmol 
1 -lodopropane 80 mg 1.3 M (54-56) a pale 97 mg 
400 mg 0.47 mmol 1.08 ml yellow oil 96% 
2.35 mmol 1.40 mmol 
1 -Bromobutane 100 mg 1.4 M (57-59) a pale 84 mg 
400 mg 0.58 mmol 1.24 ml yellow oil 64% 
2.92 mmol 1.74 mmol 
Benzyl bromide 300 mg 1.6 M (60&61) 110 mg 
900 mg 1.74 mmol 1.60 ml a yellow 24% 
5.26 mmol 2.56 mmol oil 
Allyl bromide 80 mg 1.2 M (62-64) 80 mg 
286 mg 0.47 mmol 1.94 ml a yellow 81% 






OMe 	 MeO 
N rv 
	 N 	Nt 	 N 	Nt 
OMe 	 OMe 	 OMe 
(51) 
	
(52) 	 (53) 
2, 5-Di(methoxyimino)nonane (54&55) and 5, 8-bis(methoxyimino)dodecane (56); m/z 
(El) 214.16832 (M, C 11 H22N202 requires 214.16813), 256.21484 (M, C 14H28N202 
requires 256.21508); v,,,/cm' 1631 (C=N); 8H  (250 MHz, CDCI3) 3.79, 3.78, 3.77, 
3.76 (OMe), 2.46-2.39 (m, Cl-I2), 2.34 (CH2), 2.33-2.22 (m, CH2), 2.18-2.10 (m, CH2 
Pr), 1.85, 1.84, 1.81 (Cl-I3), 1.50-1.22 (br m, CH2 Pr), 0.87 (t, J= 7.2 Hz, CH3 Pr); 6c 
(62.9 MHz, CDC13) 160.39, 160.29, 160.15, 159.83 (C=N), 60.94 (OMe), 33.92, 
33.80, 32.58, 31.84 ((E,E), (E,Z), CH2), 30.69, 29.93, 28.58, 28.84, 27.95, 27.82, 
27.77, 27.63 (CH2), 25.05, 24.86 ((E,Z), (Z,Z), C112), 22.77, 22.35 ((E,Z), (Z,Z), 
















2, 5-Di(methoxyimino)decane (57&58) and 6, 9-bis(methoxyimino)tetradecane (59); 
m!z (El) 228.18333 (Mt, C 12H24N202 requires 228.18378), 284.24575 (M, 
C 1 6H32N202 requires 284.24638); vmax/cm ' 1634 (C=N); 8H  (250 MHz, CDC13) 3.81, 
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3.80, 3.79, 3.78, 3.77 (OMe), 2.54-2.40 (m, CH2), 2.37, 2.36 (CH2), 2.35-2.22 (m, 
CH2), 2.17-2.11 (m, CH2 Bu), 1.86, 1.85, 1.82 (CH3), 1.58-1.37 (br m, CH2 Bu), 
1.35-1.12 (hr m, CH2 Bu), 0.90-0.84 (m, CH3 Bu); 8 c (62.9 MHz, CDC1 3) 160.17, 
160.16, 160.15, 156.57, 156.32 (C=N), 61.00 (OMe), 34.01, 32.60, 31.83, 31.65, 
31.44, 30.74, 29.95, 29.73, 29.58, 29.26, 28.04, 27.82, 26.18, 25.36, 25.07, 24.88, 



















7-Phenyl-2,5-di(methoxyimino)heptane (60&61); vm/cm 1632 (C=N); 8H  (250 
MHz, CDC1 3) 7.31-7.16 (m, PhI]), 3.82, 3.81, 3.80, 3.79 (OMe), 2.86-2.77 (m, 
CH2Ph), 2.60-2.43 (m, (E,Z), (Z,Z), CH 2), 2.36-2.18 (m, (EE), (E,Z), CH2), 1.85, 
1.83, 1.82, 1.80 (CH3); 6c  (62.9 MHz, CDC1 3) 158.96, 158.91, 156.30, 156.22 
(C=N), 141.13 (PhC), 128.23, 128.18, 128.10, 125.92, 125.88 (PhCH), 61.05, 60.98 
(OMe), 36.72, 35.95, 35.84 (CH2Ph), 32.59, 32.34, 31.74, 31.60, 31.06, 30.26, 30.12, 













5, 8-Di(methoxyimino)nona-1 -ene (62&63) and 5, 8-bis(methoxyimino)dodeca-1, 11-
diene (64); rWz (El) 212.15211 (M, C 11 1-120N202 requires 212.15248), 252.18394 
(Mt, C 14H24N202 requires 252.18378); v,,,/cm' 1640 (CH=CH2) 1632 (CN), 911, 
893 (CH=CH2); 8H (250 MHz, CDC13) 5.86-5.70 (m, CH=CH2), 5.05-4.93 (m, 
CH=CH2), 3.80, 3.79, 3.78, 3.77, 3.76, 3.75 (OMe), 2.51-2.30 (m, CH2), 2.36, 2.26 
(CH2), 2.25-2.15 (m, CH2), 1.85, 1.81 (CL!3); 8c  (62.9 MHz, CDC13) 159.32, 159.13, 
159.09, 159.00, 156.36, 156.28 (C=N), 137.04, 137.28 (CH=CH2), 115.07, 114.93 
(CH=CH2), 61.39, 61.03 (OMe), 33.55, 33.45, 32.47, 31.76, 30.81, 30.68, 30.42, 
30.34, 29.97, 29.84, 29.62, 27.63, 27.47, 27.30, 26.13, 25.09, 25.02 (CH2), 19.89, 














3.2.8 a-Substitutions of 3,6,9-tri(methoxyimino)undecane 
In a typical reaction, a solution of 3,6,9-tri(methoxyimino)undecane (160 mg, 
0.56 mmol) in dry fresh distilled THF (5 ml) was stirred under N2 atmosphere for 10 
min at —78 °C and then n-butyllithium (1.6 M solution in hexane, 1.40 ml, 2.24 
mmol) was added dropwise. After stirring for 4 h at —78 °C, a solution of [0-
2H]methanol (CH 30D, 80 mg, 2.42 mmol) in dry THF (imi) was added dropwise 
(over 15 mm) and stirring continued for 2 h. The solution was warmed up to 0 °C in 
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an ice bath, water (5 ml) was added slowly and stirring continued for 10 mm. The 
resulting mixture was extracted with diethyl ether (3 x 20 ml). The ether solution was 
dried over MgSO4 and evaporated. The residue was distilled in vacuo (b.p. 160-165 
°C, —1.0 mmHg) to give a yellow oil of the product (68-71) (130 mg, 80% combined 
yield), m/z (El) 286.21110 (M, C 1 4H26DN303 requires 286.21152), 287.21805 (M, 
C 14H25D2N303 requires 287.21780), 288.22421 (M, C1 4H24D3N303 requires 
288.22407). v,,,./cm' 1633 (C=N); 8D  (55.28 MHz, CDC13) 2.44, 2.27, 2.16 (CHD); 
oH (360 MHz, CDC13) 3.774, 3.771, 3.768, 3.765, 3.760 (OMe), 2.47-2.36 (m, CH2-
CH2), 2.35-2.23 (m, a-syn CH2-CH3), 2.21-2.13 (m, a-anti CH2-CH3), 1.08-0.99 (m, 
CH2-CH3); Oc  (90.56 MHz, CDC13) 160.88, 160.77, 158.90, 158.79 (C=N), 61.02, 
60.96, 60.90 (OMe), 30.76, 30.69, 30.04, 29.32 (a-anti CH2-CH2), 27.39 (a-anti 
CH2-CH3), 25.3 8, 25.11, 24.76, 24.40, 24.11, 23.79 (a-syn CH2-CH2), 21.41, 21.17 
(a-syn C}-1 2-CH3), 10.89, 10.78, 10.12, 10.07 (CH2-CH3). 








N D N 
OMe 
(69) 




Reaction of 3 ,6,9-tri(methoxyimino)undecane with iodomethane, 1-
iodopropane, 1 -bromobutane, benzyl bromide and allyl bromide were carried out 
using the procedure described above for the a-deuteration reaction. The quantities of 
reactants, products and yields are shown in Table 3.3. 
OMe 	 OMe 
	 OMe 	OMe 
j fli* 
N E N 
OMe 
	 OMe 
OMe 	 OMe 
OMe 
(72-74) E = Me, (75-77) B = n-Pr, (78-80) E = n-Bu 
(81-83) E = Bn, (84-86) E = CH2=CH-CH2 
(72-74); m/z (El) 299.22100 (M, C 15H29N303 requires 299.22089), 313.23656 (Mt , 
C 16H31N303 requires 313.23654); v m /cm 1629 (C=N); 8H  (250 MHz, CDC13) 3.78, 
3.77, 3.76, 3.75 (OMe), 3.50-3.37 (m, CH(CH3)-CH2), 3.35-3.20 (m, CH(CH3)2) 
(from 'H-'H COSY), 2.56-2.07 (m, CH2), 1.12-0.98 (m, CH3); öc (62.9 MHz, 
CDC13) 161.58, 161.45, 161.28, 160.86, 160.14, 160.00, 158.16, 157.95 (C=N), 
60.99, 60.93, 60.89, 60.78 (OMe), 31.26, 30.98, 30.52, 30.32, 30.20 (Gil2), 29.80, 
29.66 (CH), 29.57, 29.34 (CH2), 27.55, 27.42 (Gil2), 26.89, 26.75 (Gil), 26.37, 
26.24, 25.64, 25.40, 24.83, 24.71, 23.92, 23.77 (Cl-I 2), 21.60, 
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Reactants 
n-Butyllithium Products Yields' Electrophilic 3 ,6,9-Tri(methoxy- 
reagent imino)undecane solution 
lodomethane 100 mg 1.4 M (72-74) 107 mg 
495 mg 0.35 mmol 2.50 ml a yellow 62% 
3.49mmol 3.50mmol oil 
1-lodopropane 80 mg 1.3 M (75-77) 87 mg 
240 mg 0.28 mmol 1.08 ml a yellow 95% 
1.41 mmol 1.40 mmol oil 
1-Bromobutane 100 mg 1.0 M (78-80) 70 mg 
240 mg 0.35 mmol 1.75 ml a yellow 59% 
1.75 mmol 1.75 mmol oil 
Benzyl bromide 180 mg 1.6 M (81-83) 140 mg 
330 mg 0.63 mmol 1.20 ml a yellow 58% 
1.93 mmol 1.92 mmol oil 
Ally! bromide 80 mg 1.6 M (84-86) 84 mg 
170 mg 0.28 mmol 0.85 ml a yellow 92% 




21.45, 21.38, 21.22, 21.15, 20.82 (CH2), 18.87, 16.73, 16.40, 16.31 (GEl3), 13.97, 
10.96, 10.87, 10.67, 10.20, 10.09 (CH 3). 
(75-77); m/z (El) 327.25153 (M, C 17H33N303 requires 327.25219), 369.29934 (M, 
C20H39N303 requires 369.29914); v,,, ax/cm' 1631 (C=N); 6H  (360 MHz, CDC13) 3.78, 
3.77, 3.76, 3.75, 3.74 (OMe), 3.48-3.37 (m, CH(CH2)-CH2), 3.25-3.16 (br m, 
CH(CH3)-CH2), 2.52-2.07 (br m, CH2), 1.46-1.15 (br m, CH2 Pr), 1.09-0.98 (m, 
CH3), 0.92-0.83 (m, CH3 Pr); 8c (50.3 MHz, CDC13) 162.05, 161.53, 161.42, 160.93, 
160.85, 160.76, 159.52, 158.91 (C=N), 61.55, 61.50, 61.36 (OMe), 35.64, 35.42, 
35.26, 35.17 (CH), 34.58, 34.28, 34.16 (CH2), 32.26 (CH), 31.64-20.84 (multiple 
signals, CE!2), 14.46 (CH3), 11.51, 11.43, 11.28, 11.14, 10.79, 10.73, 10.68, 10.62 
(CH3). 
(78-80); m/z (El) 341.26738 (Mt, C 1 8H3 5N303 requires 341.26784), 397.33058 (M t , 
C22H43N303 requires 397.33044); vm/cm' 1631 (C=N); oH (250 MHz, CDC13) 3.79, 
3.78, 3.77, 3.76 (OMe), 3.48-3.34 (m, CH(CH2)-CH2), 3.30-3.12 (m, CH(CH3)-CH2), 
2.58-2.03 (br m, CH2), 2.00-1.13 (br m, CH2 Bu), 1.11-0.97 (br m, CH3), 0.95-0.78 
(br m, CH3 Bu); 8c  (62.9 MHz, CDC13) 162-158 (multiple signals, C=N), 62.29, 
62.10, 60.94 (OMe), 35.53, 35.13 (CH), 33.98, 33.51, 33.24 (CH2), 32.07(CH), 
30.14-21.43 (multiple signals, CH2), 13.88 (CH3), 10.90, 10.73, 10.48, 10.15 (GEl3). 
(81-83); m/z (El) 375.25275 (Mt, C21 H33N303 requires 375.25219), 465.29995 (M, 
C28H39N303 requires 465.299 14); v,,,/cm' 1629 (C=N); 0H  (200 MHz, CDC13) 7.37- 
7.05 (m, PhH), 3.79, 3.78, 3.77, 3.76, 3.75, 3.73 (OMe), 3.68-3.55 (m, CH(CH2)- 
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CH2), 3.49-3.87 (CH(CH3)-CH2), 2.92-2.60 (m, CH2Ph), 2.44-1.96 (m, CH2), 1.11-
0.88 (m, CH3); 8c  (62.9 MHz, CDC13) 161.98, 161.81, 161.73, 161.65, 160.84, 
159.98, 159.73, 157.99 (C=N), 139.49, 139.41, 139.30 (PhC), 128.72, 128.67, 
128.10, 126.09, 126.03 (PhCH), 61.00, 60.91, 60.84 (OMe), 39.29, 37.86 (CH), 
37.58, 37.28, 37.18, 35.48, 35.36, 34.80, 34.73 (CH2), 34.35 (CH), 30.46-26.85 
(multiple signals, CH2), 26.64 (CH), 25.35-20.99 (multiple signals, CH2), 10.94, 
10.80, 10.43, 10.25, 10.15, 9.99 (CH3). 
(84-86); m/z (FAB) 326.24420 (M +1, C 17H32N303 requires 326.24437), 366.27537 
(M +1, C20H36N303 requires 366.27567); v,,,/cm' 1640 (CH=CH2) 1633 (CN), 
911, 884 (CH=CH2); oH (250 MHz, CDC13) 5.73-5.59 (m, CH=CH2), 5.05-4.95 (m, 
CH=CH2), 3.78, 3.77, 3.76, 3.75 (OMe), 3.48-3.37 (m, CH(CH2)-CH2), 3.32-3.19 (m, 
CH(CH3)-CH2), 2.75-2.05 (m, CH2), 1.10-0.97 (m, CH3); oc  (62.9 MHz, CDC13) 
161.96, 161.75, 161.32, 160.83, 160.03, 159.95, 159.84, 158.06, 157.89 (C=N), 
135.84, 135.78 (CHCH2), 116.26, 115.96 (CHCH2), 61.00, 60.88 (OMe), 35.42, 
35.09, 31.88 (CH), 30.38, 30.17, 29.68, 29.38, 29.53, 29.32, 28.87 (a-anti CH2-
CH2), 27.61, 27.39, 27.26, 27.08, 26.84, 26.71, 26.54 (a-anti CH2-CH3), 24.78, 
24.59, 24.50, 24.34, 24.02, 23.82 (a-syn CH2-CH2), 21.62, 21.44, 21.35, 21.16, 20.86 
(a-syn CH2-CH3), 16.37 (CH3), 10.99, 10.88, 10.60, 10.43, 10.20, 10.16, 10.10, 
10.04 (CIT3). 
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3.2.9 Reactions of hexane-2,5-dione with primary amines 
Aniline : A mixture of hexane-2,5-dione (1106 mg, 9.69 mmol), aniline 
(745 mg, 8.00 mmol) and toluene-p-sulfonic acid (10 mg) was stirred at room 
temperature for 24 h. After addition of toluene (30 ml), the resulting solution was 
	
4 3 	
washed with aq. Na2CO3 (satd., 20 ml), dried over MgSO4 and 
b 
 evaporated. The residue was distilled in vacuo (b.p. 75-80 °C, 0.4 
Ph 
mmHg) to afford pale yellow crystals of 2,5-dimethyl-1-
phenylpyrrole (100) (1325 mg, 80%), m.p. 51-52 °C, [lit. 114  50-51 °C]. v./cm 
3097, 3048 (Ar); oH (200 MHz, CDC13) 7.48-7.42 (3H, m, Phil), 7.25-7.21 (2H, m, 
PhCII), 5.92 (211, s, H-3,4 ), 2.05 (6H, s, H-a,b); 8c  (62.9 MHz, CDC13) 138.85 
(PhC), 128.89 (m-PhCH), 128.64 (C-2,5), 128.10 (o-PhCH), 127.47 (p-PhCH), 
105.47 (C-3,4), 12.86 (C-a,b). 
Benzylamine : A solution of hexane-2,5-dione (1014 mg, 8.88 mmol), 
benzylamine (1030 mg, 9.61 mmol) and toluene-p-sulfonic acid (10 mg) in toluene 
(30 ml) was heated and stirred under reflux with a Dean-Stark trap 
a 
5 N 2 	for 24 h. The resulting solution was washed with aq. Na2CO3 (satd., 
CH2Ph 
20 ml), water (2 x 20 ml), dried (MgSO4) and evaporated. The 
residue was distilled in vacuo (b.p. 115-120 °C, -4.5 mmHg) to afford pale yellow 
crystals of 1-benzyl-2,5-dimethylpyrrole (101) (1577 mg, 96%), m.p. 43-45 °C, 
[lit."' 4344 °C]. vmax/cm' 3098, 3055, 3019 (Ar); 0,-, (250 MHz, CDC13) 7.37-7.23 
(3H, m, Phil), 6.95-6.91 (211, m, Phil), 5.91 (2H, s, 11-3,4), 5.05 (211, s, CH2Ph) 2.18 
(611, s, H-a,b); Oc  (62.9 MHz, CDC13) 138.40 (PhC), 128.56 (m-PhCFI), 127.84 (C- 
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2,5), 126.84 (p-PhCH), 125.50 (o-PhCH), 105.26 (C-3,4), 46.56 (CH 2Ph), 12.29 (C-
a,b). 
n-Butylamine A solution of hexane-2,5-dione (1026 mg, 8.99 mmol) 
with n-butylamine (675 mg, 9.23 mmol) was stirred at room temperature for 4 days. 
The resulting solution was distilled in vacuo (b.p. 100-105 °C, -3.0 
a.()b 
5 N 2 	mmHg) to give a pale yellow oil of 1-butyl-2,5-dimethylpyrrole 
(102) (922 mg, 68%), [lit. 116 b.p. 98-100 °C, 20 mmHg]. vmax/cm' 
3100 (Ar); 8H  (250 MHz, CDC13) 5.80 (2H, s, H-3,4), 3.76 (2H, t, J 
= 7.2 Hz, H-c), 2.26 (6H, s, H-a,b), 1.64 (2H, quintet, J = 7.2 Hz, H-d), 1.41 (2H, 
sextet, J= 7.2 Hz, H-e), 1.00 (3H, t, J= 7.2 Hz, H-f); öc (62.9 MHz, CDC13) 127.14 
(C-2,5), 104.77 (C-3,4),43.25 (C-c), 33.00, 20.03 (C-d,e), 13.68 (C-f), 12.31 (C-a,b). 
Glycine ethyl ester : Glycine ethyl ester hydrochloride (1140 mg, 8.17 
mmol) was neutralised with aq. NaOH (400 mg, 10 mmol) (5 ml) and extracted with 
THF (5 ml). The extract was added to hexane-2,5-dione (300 mg, 
a-O- b 5 N 2 	2.63 mmol) and the solution stirred at room temperature for 72 h. 
0 	The resulting solution was dried (MgSO4) and evaporated. The 
C 	 residue was distilled in vacuo (h.p. 155-160 °C, 2.0 mmHg) to 
afford a pale yellow oil of ethyl (2,5-dimethylpyrrol- 1 -yl)acetate (103) (210 mg, 
44%), [lit. 117 b.p. 127-129 °C, 10 mmHg]. v m /cm' 3101 (Ar), 1739 (C=O); 8H (200 
MHz, CDC13) 5.82 (2H, s, H-3,4), 4.50 (s, H-c), 4.23 (2H, q, J= 7.3 Hz, H-d), 2.19 
(6H, s, H-a,b), 1.30 (3H, t, J= 7.3 Hz, H-e); 8c (50.3 MHz, CDC13) 168.43 (C0), 
127.40 (C-2,5), 105.11 (C-3,4), 60.87 (C-d), 44.58 (C-c), 13.50 (C-c), 11.67 (C-a,b). 
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3.2.10 Reactions of undecane-3,6,9-trione with primary amines 
Aniline : In a typical reaction, a mixture of undecane-3,6,9-trione (200 
mg, 1.01 mmol), aniline (190 mg, 2.04 mmol) and toluene-p-sulfonic acid (10 mg) 
was stirred at room temperature for 4 days. After addition of toluene (30 ml), the 
3 4 	 resulting solution was washed with aq. Na2CO3 (satd., 20 
fl 
a'(N...(d Ng  ml), dried over MgSO4 and evaporated. The residue was 
distilled in vacuo (b.p. 200-205 °C, -2.0 mmHg) to give 
yellow crystals of 2-ethyl-5-(3-oxopent-1-yl)-1-phenylpyrrole (104) (180 mg, 79%), 
m.p. 48-50 °C, m/z (El) 255.16221 (M, C 171-121N0 requires 255.16231). v../cm -
1 
 
3093, 3065, 3029 (Ar), 1718 (C=O); 6H  (200 MHz, CDC13) 7.53-7.40 (31-1, m, Phil), 
7.27-7.20 (21-1, m, Phil), 5.94, 5.93 (21-1, 2 x d, J = 3.5 Hz, H-3,4), 2.61 (41-1, br s, H-
c,d), 2.37, 2.33 (4H, 2 x q, J= 7.3 Hz, H-b,f), 1.09, 1.00 (61-1, 2 x t, J= 7.3 Hz, H-
a,g); 8C (62.9 MHz, CDC13) 210.40 (C=O) 138.47 (PhC), 135.74, 131.94 (C-2,5), 
129.04, 128.32, 127.83 (PhCH), 104.43, 103.70 (C-3,4), 41.29 (C-d), 35.72 (C-f), 
21.01, 20.06 (C-b,c), 12.95 (C-a), 7.58 (C-g). 
Benzylamine : Reaction of undecane-3,6,9-trione (200 mg, 1.01 mmol) 
with benzylamine (330 mg, 3.08 mmol) was performed as described above. 1-
Benzyl-2-ethyl-5-(3-oxopent-1-yl)pyrrole (105) was isolated as a yellow oil (200 mg, 
3 	4 	 73 %), (b.p. 170-175 °C, -P0.5 mmHg), ,n/z (El) 269.17677 
adfg (M, C 18H23N0 requires 269.17796). v max/cm' 3086, 
CH2Ph 0 
3058, 3027 (Ar), 1711 (C=O); 8H  (200 MHz, CDC13) 
7.36-7.18 (31-1, m, Phil), 7.01-6.82 (21-1, m, Phil), 5.93, 5.89 (21-1, 2 x d, J= 3.5 Hz, 
H-3,4), 5.08 (21-1, s, CH2Ph), 2.73 (41-1, br s, H-c,d), 2.48, 2.38 (41-1, 2 x q, J= 7.3 Hz, 
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H-b,f), 1.21, 1.03 (6H, 2 x t, J = 7.3 Hz, H-a,g); 8c (62.9 MHz, CDC13) 210.27 
(C=O), 138.35 (PhC), 134.69, 131.12 (C-2,5), 128.51, 126.85, 125.38 (PhCH), 
104.13, 103.50 (C-3,4), 46.21 (CH2Ph), 41.05 (C-d), 35.70 (C-f), 20.32, 19.50 (C-
b,c), 12.60, (C-a), 7.57 (C-g). 
n-Butylamine : Reaction of undecane-3,6,9-trione (200 mg, 1.01 mmol) 
with n-butylamine (370 mg, 5.07 mmol) was carried out as described before. 1-Butyl-
2-ethyl-5-(3-oxopent-1-yl)pyrrole (106) was isolated as a yellow oil after distillation 
in vacuo (b.p. 145-150 °C, 0.1 mmHg), (150 mg, 63%), m/z (El) 235.19325 (M, 
3 	4 	 C 15H25N0 requires 235.19361). v max/cm 1 3099 (Ar), 1713 
fl\ a'- 
b 	C 	(C=O); 8H  (200 MHz, CDC13) 5.82, 5.78 (2H, 2 x d, J = 3.5 
Hz, H-3,4), 3.76 (2H, t, J= 7.3 Hz, H-h), 2.83 (2H, br s, H- 
c,d), 2.58, 2.49 (4H, 2 x q, J = 7.3 Hz, H-b,f), 1.62 (2H, 
quintet, J= 7.3 Hz, H-i), 1.40 (2H, sextet, J= 7.3 Hz, H-j), 1.28 (3H, t, J= 7.3 Hz, 
H-k), 1.10, 0.97 (6H, 2 x t, J= 7.3 Hz, H-a,g); 8c  (62.9 MHz, CDC13) 210.59 (C=O), 
134.05, 130.45 (C-2,5), 103.36, 102.98 (C-3,4), 43.04 (C-h), 40.97 (C-d), 35.93 (C-
f), 33.17 (C-i), 20.33, 20.08, 19.51 (C-b,c,j), 13.66 (C-k), 12.62 (C-a), 7.68 (C-g). 
Glycine ethyl ester : Glycine ethyl ester hydrochloride (740 mg, 5.30 
mmol) was neutralised with aq. NaOH (290 mg, 7.25 mmol) (5 ml) and extracted 
	
3 4 	 with THF (5 ml). The extract was added to undecane-3,6,9- 
Je 
a.(2 N 5(dj( fg trione (200 mg, 1.01 mmol) and the solution stirred at room 
0(o 	 temperature for 72 h. The resulting solution was dried 
(MgSO4) and evaporated. The residue was distilled in 
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vacuo (b.p. 175-180 °C, --1.5 mmHg) to afford ethyl [2-ethyl-5-(3-oxopent-1-
y1)pyrrol-1-y1]acetate (107) as a yellow oil (220 mg, 82%), m/z (El) 265.16710 (M, 
C15H23NO3 requires 265.16779). v./cm' 3101 (Ar), 1750, 1710 (C=O); 8H  (200 
MHz, CDC13) 5.85, 5.83 (2H, 2 x d, J= 3.5 Hz, H-3,4), 4.54 (2H, s, H-h), 4.21 (2H, 
q, J = 7.3 Hz, H-i), 2.76 (4H, br s, H-c,d), 2.46, 2.46 (4H, 2 x q, J = 7.3 Hz, H-b,f), 
1.28 (3H, t, J= 7.3 Hz, H-a), 1.22 (3H, t, J= 7.3 Hz, H-j), 1.06 (3H, t, J= 7.3 Hz, H-
g); 8C (62.9 MHz, CDC13) 210.43, 168.82 (C=O), 134.50, 131.24 (C-2,5), 104.27, 
103.79 (C-3,4), 61.34 (C-i), 44.65 (C-h), 40.85 (C-d), 35.82 (C-f), 20.07, 19.42 (C-
b,c), 13.97 (C-j), 12.35 (C-a), 7.59 (C-g). 
3.2.11 Reaction of 2,5-bis(hydroxyimino)hexane with acetic anhydride 
A solution of 2,5-bis(hydroxyimino)hexane (200 mg, 1.39 mmol) in pyridine 
(5 ml) was stirred under N2 atmosphere at room temperature and then acetic 
anhydride was added dropwise. After stirring for 5 
MeOCO N 
	 days, the solution was poured into diethyl ether (20 
ml) and washed with aq. Na2CO3 (satd., 2 x 10 ml). 
N 
OCOMe Drying (MgSO4), removal of the solvent and 
distillation in vacuo afforded 2(E),5(E)-bis(acetoxyimino)hexane (114) as yellow 
crystals (240 mg, 75%), m.p. 59-59.5 °C, [Found : C 52.61, H 7.08, N 12.10 
C 1 0H16N204 requires C 52.63, H 7.02, N 12.28%]. v,,,./cm' (Nujol) 1770 (C=O), 
1637 (C=N); 8H  (200 MHz, CDC13) 2.59 (4H, s, H-3), 2.09 (6H, s, Me), 1.95 (6H, s, 
H-i); 6c  (50.3 MHz, CDCI3) 168.09 (C=O), 164.24 (C=N), 31.41 (C-3), 18.90 
(MeCO2), 15.02 (C- 1). 
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3.2.12 Reaction of 2,5-bis(hydroxyimino)hexane with benzoyl chloride 
A solution of 2,5-bis(hydroxyimino)hexane (80 mg, 0.56 mmol) in pyridine 
(5 ml) was stirred under N 2 atmosphere and then benzoyl chloride was added. After 
stirring for 72 h at room temperature, the solution was concentrated in vacuo. After 
addition of chloroform (20 ml), the solution was washed 
PhOCO 
N 	 with aq. Na2CO3 (satd., 2 x 20 ml), water (2 x 1 ml) and 
A2 3 
N 	dried (MgSO4). Removal of the solvent afforded a pale 
0 CO Ph 
yellow solid which was recrystailised from ethanol. 
2(E), 5(E)-Bis(benzoxyimino)hexane (115) was obtained as white crystals (94 mg, 
48%), m.p. 158-159 °C, [Found: C 68.29, H 5.78, N 7.84 : C20H20N204 requires C 
68.18, H 5.68, N 7.95%]. v max/cm' (KBr disc) 3095, 3049 (Ar), 1735 (C=O), 1632 
(C=N); oH (200 MHz, CDC1 3) 8.07-8.03, 7.60-7.41 (1 OH, m, Phil), 2.81 (4H, s, H-3), 
2.18 (6H, s, H-i); 0c  (62.9 MHz, CDC13) 165.81 (C=O), 163.68 (C=N), 133.12, 
129.42, 128.37 (PhCH), 128.92 (PhC), 32.17 (C-3), 15.96 (C-i). 
3.2.13 Reaction of 2,5-bis(hydroxyimino)hexane with toluene-p-sulfonyl 
chloride 
The procedures described below were modified from the method of Furniss et 
all  and Maruoka et all  
Procedure I 118  : A solution of 2,5-bis(hydroxyimino)hexane (200 mg, 1.39 
mmol) in pyridine (10 ml) was stirred in an ice bath and then toluene-p-sulfonyl 
chloride (1060 mg, 5.56 mmol) was added slowly. After stirring for 24 h, the mixture 
was cooled in an ice bath and poured into a solution of conc. HC1 (12 ml) in 
ice/water (40 ml). A pale yellow solid was filtered and recrystailised from 
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chloroform/methanol. 2,5 -Bis(tosyloxyimino)hexane (120) was isolated as white 
crystals (475 mg, 75%); on heating started to darken at 129-130 °C and melt at 131- 
132°C [lit 120  127 °C], [Found : C 53.16 H 5.30, N 6.30 : C20H24N206S2 requires C 
0S02—Q—Me 
	 53.10, H 5.31, N 6.19%]. v../cm -1 (KBr disc) 3095, 
N 	 3068 (Ar), 1642 (C=N), 1371 (SO2), 1185 (S-O); oH 
(250 MHz, CDC1 3) 7.84-7.74 (21-1, m, Arm, 7.35-7.28 
0S02-0— Me (21-1, m, ArH), 2.54-2.50 (m, H-3), 2.44 (s, Me), 2.43, 
2.40 (2 x s, H-3), 1.93, 1.89, 1.80, 1.77 (4 x s, H- 1); oc  (62.9 MHz, CDC13) 166.19, 
165.00, 164.85 (C=N), 144.90 (ArC-S02), 132.48 (ArC-Me), 129.45, 128.51 
(ArCH), 31.27 (E,Z), 31.09 (EE), 26.04 (Z,Z), 25.83 (E,Z) (C-3), 21.55 (Me), 19.73 
(Z,Z), 19.56 (E,Z), 15.73 (E,Z), 15.52 (E,E) (C-i). 
Integral ratio of signals at 8H  1.93, 1.89, 1.80, 1.77 ppm is Ca. 11:2:47:11. 
Procedure 11 119 : A mixture of 2,5-bis(hydroxyimino)hexane (100 mg, 0.69 
mmol) and triethylamine (348 mg, 3.44 mmol) in dichloromethane (lOmi) was 
cooled and stirred in an ice bath and toluene-p-sulfonyl chloride (525 mg, 2.75 
mmol) was added slowly. After stirring for 1 h, the solution was washed with 2 M 
HC1 (10 ml), aq. Na2CO3 (satd., 10 ml), water (10 ml) and dried with MgSO4. 
Removal of the solvent afforded a yellow solid which was recrystallised from 
dichioromethane/hexane. The product (120) was obtained as white crystals (146 mg, 
46%). 
Integral ratio of signals at 0,-, 1.93, 1.80, 1.77 ppm is Ca. 1:27:1. 
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3.2.14 Reaction of 2,5-bis(hydroxyimino)hexane with methanesulfonyl chloride 
Procedure I : A solution of 2,5-bis(hydroxyimino)hexane (800 mg, 5.56 
mmol) in pyridine (20 ml) was stirred in an ice bath and then methanesulfonyl 
OSO2Me 	
chloride (2560 mg, 22.35 mmol) was added slowly. After 
stirring for 24 h, the mixture was cooled in an ice bath and 
Y' 	 poured into a solution of conc. HC1 (15 ml) in ice/water (70 
SO2Me ml). A pale yellow solid was filtered and recrystallised in 
chloroform/methanol. The product was obtained as white crystals of 2(E),5(E)- and 
2(E),5(Z)-bis(mesyloxyimino)hexane (121) (1024 mg, 61%), m.p. 118.5-119 °C, 
[Found: C 31.83 H 5.37, N 9.40 : C 811 1 6N206S2 requires C 32.00, H 5.33, N 9.33%]. 
vmax/cm ' (KBr disc) 1641 (C=N), 1326 (SO2), 1181 (S-O); 6H  (200 MHz, CDC13) 
3.12, 3.10, 3.09 (61-1, 3 x s, Me), 2.77-2.70 (E,Z), 2.66 (E,L), 2.63-2.57 (E,Z) (411, m, 
H-3), 2.05, 2.04, 2.03 (6H, 4 x s, H-i); oc (62.9 MHz, CDC13) 116.47, 165.89, 
165.69 (C=N), 36.28 (Me), 31.25 (E,Z), 31.13 (E,K), 26.14 (E,Z) (C-3), 19.62 (E,Z), 
15.83 (E,K) (C-i). 
Intensity ratio of signals at 6H  2.05, 2.04, 2.03 ppm is Ca. 8:8:31. 
Procedure II: To a mixture of 2,5-bis(hydroxyimino)hexane (500 mg, 3.47 
mmol) and triethylamine (1753 mg, 17.32 mmol) in dichloromethane (25 ml) at 0 °C 
(in an ice bath) was added methanesulfonyl chloride (1590 mg, 13.88 mmol) slowly. 
After stirring for 4 h, the solution was washed with 2 M HC1 (20 ml), aq. Na 2CO3 
(satd., 20 ml), water (20 ml) and dried with MgSO4. Removal of the solvent afforded 
a yellow solid which was recrystallised from dichloromethane/methanol. 2(E),5(E)-
Bis(mesyloxyimino)hexane (121) was obtained as white crystals (795 mg, 76%), 
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m.p.119-119.5 T. 0,-, (200 MHz, CDC13) 3.11 (611, s, Me), 2.67 (411, s, H-3), 2.05 
(611, s, H-i); 0c  (62.9 MHz, CDC13), 165.88 (C=N), 36.30 (Me), 31.16 (C-3), 15.88 
(C-i). 
3.2.15 Beckmann rearrangement of 2,5-bis(tosyloxyimino)hexane 
The reaction was carried out according to the method of Glover et al. 121 
2,5-Bis(tosyloxyimino)hexane (480 mg, 1.06 mmol) was treated with KHCO3 
(442 mg, 4.41 mmol) in a mixed solvent of dioxane (30 ml) and water (10 ml) by 
heating at 70-75 °C for 24 h. After removal of the solvent, the residue was dissolved 
in water (50 ml) and extracted continuously with dichloromethane (100 ml) for 48 h. 
Drying (MgSO4) and removal of the solvent afforded a pale yellow solid which was 
purified by recrystallisation in chloroform/hexane. The product was obtained as 
white crystals of a mixture of N,N-ethanediy1-bis-acetamide (122), N-acety1--
alaninemonomethylamide (123) and NN'-dimethy1succinimide (124) (45 mg, 29%), 
m.p. 138-140 °C, [lit 122  172-174 °C (122), lit 123 146-146.5 °C, (123)], [Found : C 
49.86, H 8.51, N 19.17 : C 61-1 12N202 requires C 50.00, H 8.33, N 19.44%]. v m ,jcm 1 
3265, 3080 (N-H), 1644, (C=O), 1641 (C-N), 1565 (N-H), 1290 (C-N); 8H  (250 
MHz, CDC13) 7.01, 6.87, 6.69 (3 x br s, NH), 3.44 (q, J= 6.1 Hz, H-3 123), 3.30 (d, 
J= 5.2 Hz, 11-3 122), 2.81 (d, J= 5.3 Hz, H-i 124), 2.73 (d, J= 4.7 Hz, H-6 123), 
2.47 (s, 11-3 124), 2.37 (t,J6.1 Hz, 11-4123), 1.93 (s, H-i 122), 1.91 (s, H-i 123); 
oc (62.9 MHz, CDC13) 172.13, 171.41, 170.60 (C0), 39.69, 35.54, 35.25 (C-3,4), 
26.01, 23.02, 22.91 (C-1,6). 
Integral ratio of methylene proton signals is Ca. 32:32:2 for compounds 122:123:124. 
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3.2.16 Beckmann rearrangement of 2,5 -bis(mesyloxyimino)hexane 
2,5-Bis(mesyloxyimino)hexane (prepared using procedure I), (300 mg, 1.00 
mmol) was treated with stirring for 24 h at 70-75 °C in a mixed solvent of dioxane 
(30 ml) and water (10 ml) which contained KHCO3 (403 mg, 4.02 mmol). The 
solvent was evaporated and the residue dissolved in water (40 ml). The aqueous 
solution was extracted continuously with dichloromethane (100 ml) for 48 h. Drying 
(MgSO4) and removal of the solvent afforded a pale yellow solid which was purified 
by recrystallisation in chloroform/hexane. The product was obtained as white crystals 
of a mixture of NN'-ethanediyl-bis-acetamide (122) and N-acetyl--alanine-
monomethylamide (123) (36 mg, 25%), m.p. 142-145 °C. oH (250 MHz, CDC13) 
6.85, 6.76, 6.50 (3 x br s, NH), 3.44 (q, J= 6.1 Hz, H-3 123), 3.31 (d, J= 5.2 Hz, H-
3 122), 2.75 (d, J= 4.7 Hz, H-6 123), 2.38 (t, J= 6.1 Hz, H-S 123), 1.94 (s, H-i 122), 
1.92 (s, H-i 123); Oc  (62.9 MHz, CDC13) 172.16, 171.47, 170.61 (CO), 39.79, 
35.52, 35.25 (C-3,4), 26.04, 23.05, 22.92 (C-1,6). 
Integral ratio of methyl proton signals is Ca. 37:40 for compounds 122:123. 
Reaction of 2,5-bis(mesyloxyimino)hexane (prepared using procedure II), 
(500 mg, 1.67 mmol) with KHCO3 (670 mg, 6.69 mmol) in mixed solvent of dioxane 
(30 ml) and water (10 ml) was carried out as described above. The product was 
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obtained as white crystals of NN'-ethanediyl-bis-acetamide (122) (75 mg, 31%), 
m.p. 175 °C [lit 122  172-174 °C]. 8H (200 MHz, CDC13) 6.55 (21-1, s, NI]), 3.31, 3.29 
(41-1, d, J = 5.2 Hz, 11-3), 1.93 (61-1, s, H-i); Sc (62.9 MHz, CDC1 3) 171.44 (C=O), 
39.99 (C-3), 23.03 (C- 1). 
3.2.17 Beckmann rearrangement of 2,5-bis(hydroxyimino)hexane 
The reaction was carried out according to the method of Eaton et al. 124 
To a mixture of phosphorus pentoxide (790 mg, 5.56 mmol) and 
methanesulfonic acid (5343 mg, 55.65 mmol) was added 2,5-bis(hydroxyimino)-
hexane ( 200 mg, 1.39 mmol). The mixture was heated at 100 °C for 1 h and then 
quenched with aq. NaHCO3 (satd., 50 ml). The aqueous solution was extracted 
continuously with dichioromethane (100 ml) for 48 h. Drying (MgSO4) and removal 
of the solvent afforded a yellow solid which was recrystallised in chloroform/hexane. 
The product was obtained as white crystals of N,N.ethanediyl-bis-acetamide (122) 
and N-acetyl--alathnemonomethylamide (123) (29 mg, 14%), m.p. 155-156 °C. 5H 
(250 MHz, CDC13) 6.67 (hr s, NH), 3.46 (q, J= 6.0 Hz, H-3 (II)), 3.34, 3.32 (d, J 
5. 1, Hz, 11-3 122), 2.77, 2.76 (d, J= 4.8 Hz, H-6 123), 2.38 (t, J = 6.0 Hz, 11-4 123), 
1.95 (H-i 122), 1.93 (H-i 123). 5c  (62.9 MHz, CDC1 3) 171.34 (C=O), 39.92, 35.43, 
35.25 (C-3,4), 26.07, 23.11, 23.00 (C- 1,6). 
Integral ratio of methylene proton signals is Ca. 42:6 for compounds 122:123. 
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3.3 	Reactions of Polyketones 
3.3.1 Reaction of polyketone (EP-CO-1%P) with alkane-2,5-diols 
In a typical reaction, a mixture of EP-CO-1%P (500 mg), ethane-1 ,2-diol (15 
ml) and toluene-p-sulfonic acid (20 mg) in toluene (120 ml) was heated and stirred 
under reflux for 48 h, using a Dean-Stark trap. A pale yellow 
homogeneous solution was gradually produced. The solvent and 
the excess ethane- 1 ,2-diol were removed by evaporation under 
reduced pressure and the residue was dissolved in chloroform. The solution was 
washed with 0.2% NaOH (aq.), 0.5% NaCl (aq.) and dried with MgSO4. The 
resulting polymer was isolated as a pale yellow solid by evaporation of the solvent. 
The solid was purified by redissolving in chloroform and precipitating from 
methanol. Poly[( 1,3 -dioxolane-2-spiro)trimethylene] -co-[l -(1,3 -dioxolane-2-spiro)-
3-methyltrimethylene] (31) was obtained as a white powder (855 mg, 95%), m.p. 
155158 T. vmax/cm' (KBr disc) 1040 (C-U); 8H (200 MHz, CDC13) 3.86 (4H, s, H-
4,5), 1.59 (4H, s, CH2-C-2); 8c (62.9 MHz, CDC13) 111.05 (C-2), 64.74 (C-4,5), 
30.93 (CH2-C-2). 
Reactions of EP-CO-1%P copolymer with propane- i ,2-diol, butane-i ,2-diol 
and hexane- 1 ,2-diol were carried out similarly. The quantities of reactants, reaction 
time, products and yields are shown in Table 3.4. 
(32) vmax/cm' (thin film) 1690 (C=O), 1098 (C-U); 6H (250 MHz, CDC13) 4.16-4.11 
(I H, br m, H-4), 3.99 (1 H, br t, J = 6.6 Hz, H-5a), 
3.33 (iH, br t, J = 7.5 Hz, H-5b), 1.63 (4H, br s, 
CH2-C-2), 1.20 (3H, d, J = 5.9 Hz, MeC-4); 8c  




























111.42, 110.88, 110.35 (C-2), 77.10, 72.28, 72.01, 71.17(C-4), 68.01, 67.80 (C-5), 
37.16, 36.79, 35.87 (GEl2), 31.79, 31.64, 31.31 (GIT2-C-2), 18.68, 18.09 (MeC-4). 
(33) vmax/cm' (thin film) 1690 (C=O), 1106 (C-O); 8H (250 MHz, CDC13) 4.00-3.90, 
3.42-3.33 (3H, 2 x br m, H-4,5), 1.60 (4H, br s, CH2-C-2), 1.50-1.39 (2H, hr m, CH2 
Et), 0.86 (3H, t, J = 7.3 Hz, CH3 Et); 8C (62.9 
Et 
MHz, CDC13) 209.92, 208.91 (C=O), 111.28, 
110.72, 110.25, 110.18 (C-2), 77.62, 77.28, 
77.11, 73.44 (C-4), 69.56, 66.20 (C-5), 37.15, 
36.76, 35.87 (GH2), 31.54, 31.09, 31.00 (GH2-C-2), 26.24, 25.93 (GH2 Et), 9.75 (Cl-i3 
Et). 
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(34) vmax/cm (thin film) 1690 (C=O), 1095 (C-O); oH (250 MHz, CDC13) 4.06-3.98, 
3.43-3.39 (3H, 2 x br m, 11-4,5), 1.62 (41-1, br s, CH2-C-2), 1.44-1.17 (611, br m, CH2 
Bu 
r ' R 
0 2 0 
Bu), 0.88 (3H, t, J = 6.6 Hz, CH3 Bu); 0c  (62.9 
MHz, CDC13) 209.91, 208.82 (C0), 111.27, 
110.74, 110.71 (C-2), 77.09, 76.50, 76.17 (C-4), 
69.97, 66.63 (C-5), 37.17, 36.78, 35.87 (CH2), 
33.03, 32.78, 31.81, 31.64 31.22 (CH2-C-2, CH2 Bu), 27.81, 27.55, 22.56, 22.28 
(CH2 Bu), 13.82 (Cl-I3 Bu). 
3.3.2 Reaction of polyketones with hydroxylamine 
An aqueous solution of hydroxylamine hydrochloride (994 mg, 14.3 mmol), 
sodium hydroxide (644 mg, 16.10 mmol) and water (2 ml) was added to a mixture of 
EP-CO-1%P (200 mg, 3.57 mmol), toluene (5 ml) and methanol (5 ml). The resulting 
mixture was stirred at room temperature for 8 days. At the end of this period, water 
(50 ml) was added to dissolve inorganic salts. The solid was filtered, washed with 
water, THF and dried in vacuo to yield poly [(1-hydroxyiminotrimethylene)-co-(1-
hydroxyimino-3-methyltrimethylene)] (37) as a white powder (228 mg, 90%); on 
heating the polymer started to darken at Ca. 197 °C. vm /cm (KBr disc) 3208 (OH), 
1652 (C=N); 0H  (200 MHz, DMSO-d6) 10.34 (111, s, 01]), 2.35, 2.29 (411, 2 x br s, 
CH2); oc  (62.9 MHz, DMSO-d6) 157.50, 157.44, 157.36, 157.28 (C=N), 30.17, 




m = 0.99, n = 0.01 
m= 0.85, n= 0.15 
A mixture of EP-CO-15%P (1.00 g, 17.21 mmol), hydroxylamine 
hydrochloride (4.85 g, 69.6 mmol), sodium hydroxide (2.78 g, 71.6 mmol), water (10 
ml), toluene (10 ml) and methanol (10 ml) was carried out as described above. 
Poly[( 1 -hydroxyiminotrimethylene)-co-(I -hydroxyimino-3 -methyltrimethylene)](38) 
was obtained as a yellow powder (1.20 g, 95%); on heating the polymer started to 
darken at Ca. 188 °C. vm /cm 1 (KBr disc) 3231(OH), 1650 (C=N); oH (200 MHz, 
DMSO-d6) 10.35 (1H, s, Of]), 2.68 (1H, br s, Cl]), 2.35, 2.29 (4H, 2 x br s, CH2), 
0.97 (3H, br s, Me); Oc  (62.9 MHz, DMSO-d6) 160.94, 160.74, 157.49, 157.35, 
156.66 (C=N), 35.48 (CH), 31.59, 30.20, 29.33, 28.45, 24.24, 23.27, 22.19 (CH2), 
18.28, 16.17 (Me). 
3.3.3 Reaction of polyketones with O-methylhydroxylamine 
Procedure I: To a mixture of EP-CO-1%P (106 mg, 1.89 mmol), toluene (5 
ml) and methanol (5 ml) was added an aqueous solution of O-methylhydroxylamine 
hydrochloride (596 mg, 7.14 mmol), sodium hydroxide (360 mg, 9.00 mmol) in 
water (5 ml). The mixture was stirred at room temperature for 8 days. The resulting 
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polymer was washed with water, filtered and dried in vacuo. The product was 
obtained as a pale yellow solid (114 mg). vm Icm' (KBr disc), 1692 (C=O). 
A mixture of EP-CO-15%P (235 mg, 4.04 mmol), O-methylhydroxylamine 
hydrochloride (1166 mg, 13.96 mmol), sodium hydroxide (608 mg, 15.2 mmol), 
toluene (5 ml), methanol (5 ml) and water (5 ml) was prepared and carried out as 
described above. The product was a yellow rubbery solid (324 mg). v m /cm 1 (KBr 
disc), 1692 (C=O). 
Procedure II: A mixture of B-CO (100 mg, 1.78 mmol) and O-methylhy- 
droxylamine hydrochloride (595 mg, 7.12 mmol) in pyridine (10 ml) was stirred at 




homogeneous solution was obtained which was poured into 
water (50 ml) and the product extracted with chloroform (3 x 20 
n 
ml). The chloroform solution was washed with aq. Na2CO3 
(satd., 20 ml), water (20 ml), dried over MgSO4 and evaporated. Poly(1-
methoxyiminotrimethylene) (44) was obtained as a pale yellow gum (108 mg, 71%) 
which was purified by precipitation from chloroform solution by adding methanol. 
vmax/cm' (thin film) 1630 (C=N), 1051 (C-O); 8H (200 MHz, CDC13) 3.73 (3H, br s, 
OMe), 2.47 (4H, br s, CH2); 8c (62.9 MHz, CDC1 3) 158.57, 158.48 (CN), 61.10 
(OMe), 30.63, 30.50, 30.03, 29.88, 25.35, 25.07, 24.43, 24.13 (CH2). 
The reaction of EP-CO-l%P (100 mg, 1.78 mmol), with 0-
methy1hydroxylamine hydrochloride (595 mg, 7.12 mmol) in pyridine (10 ml) was 
carried out as described above. Poly[( 1 -methoxyiminotrimethylene)-co-(l-
methoxyimino-3-methyltrimethylene)] (45) was obtained as a pale yellow gum (127 
mg, 84%). vm /cm (thin film) 1630 (CN), 1051 (C-O); 8H  (200 MHz, CDC13) 3.78 
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(3H, br s, OMe), 2.40 (4H, br s, CH2); 8c (62.9 MHz, CDC13) 158.56, 158.48 (C=N), 
61.10 (OMe), 30.64, 30.51, 30.05, 29.89, 25.37, 25.09, 24.45, 24.15 (CH2). 
m= 0.99, n= 0.01 
m= 0.85, n= 0.15 
The reaction of EP-CO-15%P (200 mg, 3.44mmol), with 0-methyl-
hydroxylamine hydrochloride (865 mg, 10.41 mmol) in pyridine (5 ml) was carried 
out as described above. Poly[( 1 -methoxyiminotrimethylene)-co-( 1 -methoxyimino-3 - 
methyltrimethylene)] (46) was obtained as a pale yellow gum (285 mg, 97%). 
Vmax/Cffl 1 (thin film) 1629 (CN), 1049 (C-O); oH (200 MHz, CDC13) 3.73 (3H, br s, 
OMe), 3.47 (111, br s, Cl]), 2.70 (1H, br s, Cl]), 2.36 (4H, br s, CH2), 1.02 (3H, br s, 
Me); Oc  (62.9 MHz, CDC13) 162.19, 162.05, 158.83, 158.58, 158.50 (C=N), 61.09 
(OMe), 36.01 (CH), 32.68, 32.60, 32.45, 30.64, 30.51, 30.06, 29.90 (CH2), 29.60 
(CH), 25.3 8, 25.10, 24.46, 24.16, 23.06 (CH2), 18.02, 17.76, 16.68, 16.29 (Me). 
3.3.4 Reaction of polyketones with O-benzylhydroxylamine 
A mixture of EP-CO- 1 %P (109 mg, 1.95 mmol), 0-benzylhydroxylamine 
hydrochloride (548 mg, 3.43 mmol) in pyridine (10 ml) was stirred at room 
temperature for 24 h. At the end of this period, water (50 ml) was added and the 
product extracted with chloroform (3 x 20 ml). The chloroform solution was washed 
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with aq. Na2CO3, water, dried (MgSO 4) and evaporated. Poly [(l-benzyloxy-
iminotrimethylene)-co-( 1 -benzyloxyimino-3 -methyltrimethylene)] (49) was obtained 
as a pale yellow gum (267 mg, 85%). v,,,/cm' (thin film) 3085, 3062, 3029 (Ph), 
1954, 1880, 1812, 1754 (overtone region of Ph), 1630 (C=N), 1081 (C-O); oH (200 
MHz, CDC13) 7.26 (5H, br s, Phil), 4.99 (2H, br s, CH2Ph), 2.33 (4H, br s, CH2); 0c 
(62.9 MHz, CDC13) 158.92 (C=N) 138.16 (PhC), 128.12, 127.85, 127.77, 127.42 
(PhCH), 75.29 (CH2Ph), 30.40, 29.85, 25.43, 25.15, 24.63, 24.32 (CH2). 
m= 0.99, n= 0.01 
m= 0.85, n= 0.15 
The reaction of the EP-CO-15%P (109 mg, 1.88 mmol) with 0-
benzy1hydroxylamine hydrochloride (540 mg, 3.38 mmol) in pyridine (10 ml) was 
carried out in the same procedure. The product, poly [(1-benzyloxyimino-
trimethylene)-co-( 1 -benzyloxyimino-3-methyltrimethylene)} (50), was a pale yellow 
gum (275 mg, 90%). v m /cm' (thin film) 3086, 3062, 3029 (Ph), 1950, 1875, 1810, 
1736 (overtone region of Ph), 1629 (C=N), 1044 (C-O); 0H  (200 MHz, CDC13) 7.17 
(br s, Phil), 4.90 (br s, CH2Ph), 2.60 (br s, Cl]), 2.24 (br s, CH2), 0.89 (br s, Me); Oc 
(62.9 MHz, CDC13) 162.59, 162.45, 158.97, 158.22 (C=N) 138.16, 138.06 (PhC), 
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128.11, 127.84, 127.78, 127.41 (PhCH), 75.34, 75.28 (C1-I2Ph), 37.99, 35.96 (CH), 
30.37, 29.87, 25.43, 25.14, 24.61, 24.30, 23.12 (CH2), 18.09, 17.87, 16.29 (Me). 
3.3.5 a-Substitution reactions of 1-methoxyiminotrimethylene polymers 
3.3.5.1 1-Methoxyiminotrimethylene polymer derived from E-00 
[E-co-derived polymethoxime] 
A solution of E-CO-derived polymethoxime (44) (100 mg, 1.18 mmol) in dry 
freshly distilled THF (10 ml) was stirred under N2 atmosphere at —78 °C for 10 mm 
and n-butyllithium (1.5 M solution in hexane, 0.80 ml, 1.20 mmol) was added 
dropwise. After stirring for 4 h at —78 °C, a solution of iodomethane (170 mg, 1.20 
mmol) in dry THF (1 ml) was added dropwise (over 15 mm) and stirring continued 
for 2 h. The solution was warmed up to 0 °C in an ice bath, water (5 ml) was added 
slowly and stirring continued for 10 mm. The resulting mixture was extracted with 
diethyl ether (3 x 20 ml) and the combined extracts were dried over MgSO4. 
Removal of the solvent in vacuo and precipitation from chloroform solution by 
addition of methanol afforded a pale yellow gum of the polymer product (88) (60 
mg). vm /cm 1628 (C=N); 8H  (250 MHz, CDC13) 3.77 (br s, OMe), 3.44 (br s, Cl), 
2.38 (br s, CH2), 1.00 (hr d, J= 6.7 Hz, Me); 5c (62.9 MHz, CDC1 3) 161.35, 159.26, 
158.99, 158.87, 158.63, 157.89, 157.66 (CN), 61.08 (OMe), 30.91, 30.72, 30.51, 
30.36, 30.16, 29.86 (CH2), 29.57 (CH), 26.62, 26.12, 25.65, 25.44, 25.17, 24.64, 
24.13, 23.69, 23.17 (CH2), 16.67, 16.28 (Me). 
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OMe 
(88) E = Me or H, (89) E = Bn or H 
Reaction of E-CO-derived polymethoxime (100 mg, 1.18 mmol), n-
butyllithium (1.5 M solution in hexane, 0.80 ml, 1.20 mmol) and benzyl bromide 
(201 mg, 1.18 mmol) was carried out as described above. The polymer product (89) 
was obtained as a yellow gum (125 mg). v,,,/cm' 3026 (Ph), 1629 (CN); 8H  (250 
MHz, CDC1 3) 7.35-7.08 (m, PhR), 3.76 (br s, OMe), 3.52 (br s, CH), 2.75 (hr s, 
CH2Ph), 2.32 (br s, CH2); ö (62.9 MHz, CDC13) 159.72, 159.53, 159.33, 158.93, 
158.62, 157.70 (C=N), 139.34 (PhC), 128.68, 128.18, 126.13 (PhGH), 61.06 (OMe), 
37.52, 37.14 (Gil), 35.50, 35.28 (GH2), 30.83, 30.64, 30.18, 30.02, 29.88, 29.51, 
29.11 (GH2), 27.54, 27.09, 25.58, 25.38, 25.08, 24.85, 24.58, 24.46, 24.14, 23.86, 
23.19 (Gil2). 
3.3.5.2 1-Methoxyiminotrimethylene polymer derived from EP-CO-15%P 
[EP-CO-15%P-derived polymethoximel 
In a typical reaction, a solution of EP-CO-15%P-derived polymethoxime (46) 
(100 mg, 1.15 mmol) in dry fresh distilled THF (10 ml) was stirred under N2 
atmosphere at —78 °C for 10 min and n-butyllithium (1.4 M solution in hexane, 4.10 
ml, 5.75 mmol) was added dropwise. After stirring for 4 h at —78 °C, a solution of 
iodomethane (820 mg, 5.78 mmol) in dry THF (1 ml) was added dropwise (over 15 
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mm) and stirring continued for 2 h. The solution was warmed up to 0 °C in an ice 
bath, water (5 ml) was added slowly and stirring continued for 10 mm. The resulting 
mixture was extracted with diethyl ether (3 x 20 ml) and the combined extracts were 
dried with MgSO4. Removal of the solvent in vacuo and precipitation from 
chloroform solution by addition of methanol afforded a yellow gum of the polymer 
product (90) (100 mg). v,,,/cm' 1628 (C=N); 8H  (250 MHz, CDC13) 3.76 (br s, 
OMe), 3.46 (br s, CH), 2.73 (br s, CH), 2.38 (br s, CH2), 1.00 (br d, J= 6.7 Hz, Me); 
öc (62.9 MHz, CDC13) 162.38, 162.14, 160.31, 161.31, 159.25, 159.01, 158.61, 
157.91, 157.66 (C=N), 61.05 (OMe), 36.01 (CH), 35.26, 34.94, 34.66, 31.92, 30.92, 
30.36, 30.15, 29.87 (CH2), 29.58 (CH), 26.63, 26.13, 25.63, 25.44, 25.22, 24.64, 
24.13, 23.72, 23.17, 22.60 (CM2), 18.32, 17.99, 17.72, 16.65, 16.27, 15.34, 15.07, 
13.99, 13.86 (Me). 
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m=0.85,n0.15 
(90) E = Me or H, (91) E = Bn or H 
(92) E = CH2-CH=CH2 or H 
Reaction of EP-CO-15%P-derived polymethoxime (100 mg, 1.15 mmol), n-
butyllithium (1.6 M solution in hexane, 0.80 ml, 1.28 mmol) and benzyl bromide 
(197 mg, 1.15 mmol) was carried out as described above. The polymer product (9 1) 
was obtained as a yellow gum (120 mg). v max/cm' 3027 (Ph), 1628 (C=N); Si-i (250 
MHz, CDC1 3) 7.35-7.07 (br m, Phil), 3.76 (br s, OMe), 3.48 (hr s, CH), 2.77 (hr s, 
CH2Ph), 2.33 (br s, CH2), 1.04 (hr s, Me); Sc (62.9 MHz, CDC13) 162.06, 161.88, 
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161.61, 161.28, 159.79, 159.55, 159.33, 158.93, 158.64, 158.31, 157.70, 157.09 
(C=N), 139.46, 139.37 (PhC), 129.50, 128.67, 128.16, 127.51, 126.10 (PhCH), 61.03 
(OMe), 36.01, 35.53, 35.29 (CH), 30.83, 30.50, 30.20, 30.01, 29.89, 29.55, 29.19 
(CH2), 27.57, 27.04, 26.05, 25.92, 25.57, 25.37, 24.87, 24.40, 24.12, 23.86, 23.55, 
23.19 (GEl2), 18.46, 18.24, 17.90, 16.60, 16.29, 15.64, 13.99 (Me). 
Reaction of EP-CO-15%P-derived polymethoxime (80 mg, 0.92 mmol), n-
butyl-lithium (1.6 M solution in hexane, 2.80 ml, 4.48 mmol) and ally! bromide (555 
mg, 4.59 mmol) was carried out using the same procedure. The polymer product (92) 
was obtained as a yellow gum (66 mg). v,,,/cm' 1633 (C=N); 5H  (200 MHz, CDC13) 
5.83-5.52 (br m, CH=CH2), 5.15-5.38 (br m, CH=CH2), 3.75 (br s, OMe), 3.46 (br s, 
cc-syn CH), 2.66 (br s, cc-anti Cl]), 2.39 (br s, CH2), 1.06 (br s, Me); 8C (62.9 MHz, 
CDC13) 159.59, 158.64, 157.72 (C=N), 135.75 (CH=CH2), 116.37 (CH=CH2), 61.02 
(OMe), 35.75, 35.40 (CH2), 34.92 (CU), 30.51, 30.17, 29.91, 29.59, 26.90, 26.45, 
25.3 9, 25.10 (CH2), 17.99, 17.72, 13.95, 13.64 (Me). 
3.3.5.3 1-Methoxyiminotrimethylene polymer derived from EP-CO-1%P 
[EP-CO-1%P-derived polymethoxime] 
In a typical reaction, a solution of EP-CO-1%P-derived polymethoxime (45) 
(100 mg, 1.18 mmol) in dry fresh distilled THF (10 ml) was stirred under N2 
atmosphere at -78 °C for 10 min and n-butyllithium (1.4 M solution in hexane, 4.20 
ml, 5.90 mmol) was added dropwise. After stirring for 4 h at -78 °C, a solution of 
[0-2H]methanol (CH 30D, 198 mg, 5.99 mmol) in dry THF (1 ml) was added 
dropwise (over 15 mm) and stirring continued for 2 h. The solution was warmed up 
to 0 °C in an ice bath, water (5 ml) was added slowly and stirring continued for 10 
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mm. The resulting mixture was extracted with diethyl ether (3 x 20 ml) and the 
combined extracts were dried with MgSO 4. Removal of the solvent in vacuo and 
precipitation from chloroform solution by addition of methanol afforded a yellow 
gum of the polymer product (87) (92 mg). vm/cm' 1629 (C=N); 8D  (55.28 MHz, 
CDC1 3) 2.45 (Cl-ID); 6H  (360 MHz, CDC13) 3.784, 3.780, 3.776 (OMe), 2.50-2.28 (br 
m, CH2); 8C (90.56 MHz, CDC13 ) 158.59, 158.51 (C=N), 61.11 (OMe), 30.65, 30.52, 
30.05, 29.90 (a-anti CH2), 25.38, 25.10, 24.86, 24.45, 24.39, 24.15, 24.09 (a-syn 
CH2). 
m = 0.99, n = 0.01 
(87) E = D or H, (93) E Me or H 
(94) E = n-Pr or H, (95) E = n-Bu or H 
(96) E = Bn or H, (97) E = CH 2-CH=CH2 or H 
Reaction of EP-CO- 1 %P-derived polymethoxime with iodomethane, 1-
iodopropane, 1 -bromobutane, benzyl bromide and allyl bromide were carried out as a 
typical reaction. The quantities of reactants, products and yields are shown in Table 
tAl 
(93) vmax/cm (thin film) 1628 (C=N); 8H  (200 MHz, CDC1 3) 3.77 (br s, OMe), 3.57-
3.35 (br m, Cl]), 2.41 (br s, CH2), 1.02 (br d, J = 6.9 Hz, Me); 8C (62.9 MHz, CDCI3) 
161.30, 159.62, 159.25, 158.61, 157.89, 157.66 (C=N), 61.06 (OMe), 31.23, 30.90, 
30.47, 30.35, 30.14, 29.84 (Cl-I2), 29.56 (CH), 26.62, 26.10, 25.64, 25.43, 25.17, 
24.63, 24.07, 23.67 (CH2), 16.65, 16.27 (Me). 
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Reactants 
n-Butyllithium Products Yields Electrophilic EP-CO- 1 %P- 
reagent derived solution 
polymethoxime 
lodomethane 102 mg 1.4 M a yellow 
854 mg 1.20 mmol 4.30 ml gum 75 mg 
6.02 mmol 6.02 mmol 
1 -lodopropane 80 mg 1.6 M a yellow 
795 mg 0.94 mmol 3.00 ml gum 51 mg 
4.68 mmol 4.80 mmol 
1 -Bromobutane 80 mg 1.6 M a yellow 
645 mg 0.94 mmol 3.00 ml gum 61 mg 
4.71 mmol 4.80mmol 
Benzyl bromide 100 mg 1.6 M a yellow 
202 mg 1.18 mmol 0.80 ml gum 92 mg 
1.18 mmol 1.28 mmol 
Allyl bromide 80 mg 1.6 M a yellow 
565 mg 0.94 mmol 2.90 ml gum 70 mg 
4.67 mmol 4.64 mmol 
Table 3.5 
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vmax/cm' (thin film) 1628 (C=N); 6H  (250 MHz, CDC1 3) 3.77 (br s, OMe), 3.45 
(br s, CH), 2.39 (br s, CH2), 1.58-1.03 (br m, CH2-Pr), 0.85 (br s, CH3 Pr); 8c (62.9 
MHz, CDC13) 160.19, 159.45, 158.97, 158.59, 157.97 (CN), 61.09 (OMe), 34.67 
(CH), 34.25, 33.94, 33.63, 31.41, 30.62, 30.03, 29.88, 29.56 (CH2), 28.17, 27.99 
(CH), 26.62, 25.68, 25.35, 25.07, 24.66, 24.43, 24.13 (CH2), 23.79, 23.49, 22.52, 
20.60, 20.28 (CH2), 13.91 (CH3 Pr). 
v../cm -1 (thin film) 1628 (C=N); 8H  (250 MHz, CDCI3) 3.77 (br s, OMe), 3.54-
3.38 (br m, CH), 2.40 (br s, CH2), 2.36-2.11 (m, CH2 Bu), 1.73-1.10 (br m, CH2 Bu), 
0.87 (hr s, CH3Bu); 8 c (62.9 MHz, CDCI3) 160.14, 159.98, 159.32, 158.58, 158.50, 
157.99, 157.77 (C=N), 61.09 (OMe), 34.27, 34.07 (CH), 30.62, 30.49, 30.16, 30.02, 
29.86 (CH2), 29.54, 29.35, 29.21, 29.06, 29.01, 28.77, 28.51, 27.79, 27.70, 26.85, 
26.61, 26.42 (CR2), 25.34, 25.06, 24.42, 24.11 (CR2), 23.10, 22.83, 22.60 (CR2 Bu), 
13.95 (CH3 Bu). 
vmax/cm' (thin film) 3055, 3025 (Ph), 1628 (C=N); 8H  (200 MHz, CDC13) 7.36-
7.08 (hr m, Phil), 3.76 (br s, OMe), 3.53 (br s, CH), 3.04-2.56 (br m, CH, CH2Ph), 
2.33 (br s, CH2); 8c (62.9 MHz, CDC1 3) 159.73, 159.49, 158.57, 157.64 (CN), 
139.30, 139.26, 139.18 (PhC), 128.69, 128.63, 128.14, 126.13, 126.08 (PhCH), 61.01 
(OMe), 37.49, 37.11 (CH), 35.47, 35.24, 30.79, 30.60, 30.46, 30.15, 29.99, 29.47, 
29.07, 27.54, 25.51, 25.33, 25.03, 24.80, 24.70, 24.53, 24.41, 24.29, 24.11, 23.83 
(CR2). 
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(97) vmax/cm (thin film) 1640 (CH=CH2), 1632 (C=N), 911, 882 (CH=CFI2); oH 
(200 MHz, CDC13) 5.81-5.52 (br m, CH=CH2), 5.16-5.38 (br m, CH=CH2), 3.76 (br 
s, OMe), 3.47 (br s, Cl]), 2.39 (br s, CH2); 0c  (62.9 MHz, CDC13) 159.60, 159.01, 
158.56, 157.72 (CN), 135.70 (CH=CH2), 116.41 (CH=C1-12), 61.02 (OMe), 35.70, 
35.44 (CH), 34.81 (CH), 30.92, 30.52, 30.10, 29.60, 29.18, 26.84, 26.33, 25.64, 
25.35, 25.11, 24.83, 24.63 (CR 2). 
3.3.6 Reaction of polyketones with primary amines 
(a) Aniline : A mixture of EP-CO-1%P (303 mg, 5.41 mmol), toluene-p-
sulfonic acid (20 mg) and aniline (10 ml) was refluxed under N 2 atmosphere for 2 
days. The polymer product was recovered with hexane and purified by precipitation 
from chloroform solution by addition of hexane. A light brown solid of the polymer 
product (109) was obtained and dried in vacuo (429 mg); on heating the polymer 
started to darken at Ca. 130 T. vmax/cm' (KBr disc) 3092, 3043 (Ar); 0H  (200 MHz, 
CDC13) 7.25-6.70 (br m, PhIl), 5.80-5.60 (hr m, H-3,4), 2.35 (hr s, CH2); 0c  (62.9 
MHz, CDCI3) 138.12 (PhC), 132.89 (C-2,5), 128.83, 128.19, 127.66 (PhCH), 104.33 
(C-3,4), 41.55, 26.69, 20.76 (CR2). 
4 3R 
kor R 
R = H 0.99, Me 0.01, R' = Ph 
R = H 0.99, Me 0.01, R' = Bn 
(111)R=H0.85,Me0.15,R'= Ph 
(112) R = H 0.85, Me 0. 15, R' = Bn 
(113) R= H 0.85, Me 0.15, R'= CH2CO2Et 
54 
Reaction of EP-CO-15%P (304 mg, 5.23 mmol) with aniline (10 ml) in the 
presence of toluene-p-sulfonic acid (20 mg) was carried out as described above. The 
polymer product (111) was obtained as a brown solid (320 mg); on heating the 
polymer started to darken at Ca. 70°C. vm /cm' (KBr disc) 3057 (Ar); 8H  (200 MHz, 
CDC13) 7.25-6.65 (br m, PhH), 5.80-5.50 (br m, H-4), 2.70-2.55 (br m, CH-CH2), 
2.25 (br s, CH2), 1.42 (hr s, MeC-3), 0.84 (br s, MeCH); öc (62.9 MHz, CDC13) 
138.21 (PhC), 132.92 (C-2,5), 131.84 (C-3), 128.82, 128.54, 128.38, 128.23, 127.64 
(PhCH), 106.42, 104.40 (C-3,4), 41.59, 34.53 (GH2), 31.44, 31.18 (CH), 28.92, 
27.25, 26.75, 25.14, 24.85 (Gil2), 21.14 (MeC-3), 20.82 (Gil2), 11.29, 10.60 
(MeCH). 
(b) Benzylamine : A mixture of EP-CO-1%P (212 mg, 3.78 mmol), toluene-
p-sulfonic acid (20 mg) and benzylamine (10 ml) was refluxed under N2 atmosphere 
for 5 days. The polymer product was recovered with methanol and purified by 
precipitation from chloroform solution by addition of methanol. The polymer product 
(110) was obtained as a yellow powder and dried in vacuo (285 mg); on heating the 
polymer started to darken at ca. 92 °C. v.,,,,/cm-1 (KBr disc) 3086, 3024 (Ar), 1713 
(C=O); 8H (200 MHz, CDC13) 7.18, 6.70 (2 x hr s, Ph!]), 5.83 (hr s, H-3,4), 4.83 (hr 
s, CH2Ph), 2.63 (br s, CH2); 8C (62.9 MHz, CDC13) 208.45 (C0), 138.15 (PhG), 
132.02 (C-2,5), 128.47, 127.28, 126.93, 126.85, 125.22 (PhGH), 104.44 (C-3,4), 
46.07 (CH2Ph), 41.37, 26.19, 20.18 (GH2). 
Reaction of EP-CO-15%P (304 mg, 5.23 mmol) with benzylamine (10 ml) in 
the presence of toluene-p-sulfonic acid (20 mg) was carried out as described above. 
The polymer product (112) was obtained as a yellow powder (375 mg); on heating 
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the polymer started to darken at Ca. 97 °C. vm/cm 1 (KBr disc) 3095, 3025 (Ar), 
1715 (C=O); 6H  (200 MHz, CDC13) 7.08, 6.59 (2 x br s, PhH), 5.74, 5.62 (2 x br 5, 
H-3,4), 4.64 (br s, CH2Ph), 4.23 (CH-CH2), 2.53, 2.30 (2 x br s, CH2), 1.81 (br s, 
MeC-3), 0.96 (br s, MeCH); öc (62.9 MHz, CDC1 3) 208.47 (C=O), 138.17 (PhC), 
132.04 (C-2,5), 131.10 (C-3), 128.42, 127.04, 126.65, 126.75, 125.23 (PhCH), 
106.39, 104.45 (C-3,4), 46.18 (CIT 2Ph), 41.38, 34.92 (CH2), 30.84 (CH), 27.35, 
26.19, 24.42 (CH2), 20.95 (CH3), 20.19 (CH2), 11.10, 10.97 (CU3). 
Butylamine : A mixture of EP-CO-1%P (200 mg, 3.57 mmol), toluene-p-
sulfonic acid (20 mg) and butylamine (10 ml) was heated under reflux under N2 
atmosphere for 5 days. After removal of the excess butylamine, a black tar was 
obtained. The corresponding reaction of EP-CO-15%P (304 mg, 5.23 mmol) with 
benzylamine (10 ml) in the present of toluene-p-sulfonic acid (20 mg) also afforded a 
black tar. 
Glycine ethyl ester: Glycine ethyl ester hydrochloride (1800 mg, 12.89 
mmol) was neutralised with aq. NaOH (570 mg, 14.25 mmol) (15 ml) and extracted 
with THF (5 ml). The extract was added to EP-CO-15%P (300 mg, 2.58 mmol) and 
the mixture was stirred at room temperature for 8 days. The resulting solid was 
filtered and washed with THE The polymer product (113) was obtained as a light 
brown solid (380 mg); on heating the polymer started to darken at Ca. 150 °C. 
vmax/cm' (KBr disc) 3103 (Ar), 1750, 1710 (C=O); 8H  (200 MHz, CDC13) 5.81 (br s, 
H-3,4), 4.51 (br s, N-CH2), 4.17 (br s, CH2-0), 2.89 (br s, CH-CH2), 2.68 (br s, CH2), 
2.00 (br s, MeC-3), 1.25 (br s, MeCH20), 1.10 (d, J= 6.6 Hz, MeCH); 8c (62.9 MHz, 
CDC13) 211.83, 208.63, 207.73, 169.13, 168.72 (C=0), 132.06, 131.32 (C-2,5), 
106.82, 104.83, 104.58 (C-3,4), 61.43 (CH 2-0) 45.38 (CU2), 44.64 (N-CIT2), 41.32 
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(CH2), 40.71 (CH), 35.85, 34.56, 25.28, 20.00 (CH2), 18.14, 16.51 (MeCH), 11.11 
(MeCH2O). 
Reaction of EP-CO-1%P (200 mg, 1.78 mmol) with glycine ethyl ester (1260 
mg, 9.03 mmol) was carried out as described above. A yellow solid was obtained. 
vmax/cm' (KBr disc) 1749 (very weak), 1690 (C0). 
3.3.7 Reaction of 1-hydroxyiminotrimethylene polymers with acetic anhydride 
[EP-CO-derived polyhydroximel 
A mixture of EP-CO-1%P-derived polyhydroxime (70 mg, 0.99 mmol) and 
pyridine (5 ml) was stirred under N2 atmosphere at room temperature and acetic 
anhydride (302 mg, 2.96 mmol) was added. After stirring for 3 days, the resulting 
solution was poured into chloroform (20 ml) and then washed with aq. Na2CO3 
(satd., 2 x 10 ml). Drying (MgSO4), removal of the solvent and precipitation from 
chloroform solution by addition of methanol afforded a brown gum of poly[(1-
acetoxyiminotrimethylene)-co-( 1 -acetoxyimino-3 -methyltrimethylene)] (116) (52 
Mg). vm /cm' 1760 (C0), 1637 (C=N); 8H  (250 MHz, CDC1 3) 2.68 (4H, br s, 
CH2), 2.12 (3H, s, MeCO2); oc (250 MHz, CDC1 3) 168.36, 168.27 (C0), 166.26, 
166.12, 166.02, 165.85 (C=N), 30.29, 30.15, 29.98, 29.88 (cc-anti CR2), 26.07, 






(116) m = 0.99, n = 0.01 
(117)m=0.85,n0.15 
Reaction of EP-CO-15%P-derived polyhydroxime (100 mg, 1.37 mmol) with 
acetic anhydride (420 mg, 4.12 mmol) in pyridine (5 ml) was performed as described 
above. 	Poly[( 1 -acetoxyiminotrimethylene)-co-(I -acetoxyimino-3-methyltri- 
methylene)] (117), was obtained as a brown gum (94 mg). v m /cm 1 1759 (C=O), 
1635 (C=N); 8H  (250 MHz, CDC13) 3.01 (Cl]), 2.58 (hr s, CH2), 2.01 (hr s, MeCO2), 
1.16 (br s, Me); 8c  (250 MHz, CDC13) 168.43, 168.35 (C0), 166.07, 165.76, 
165.34, 164.93 (C=N), 36.79, 36.53 (CH), 30.36, 30.15, 30.02, 29.95, 26.11, 25.89, 
25.20, 24.90, 24.66, 24.32 (CH2), 19.60, 18.26, 18.15, 18.00 (MeCO2, Me). 
3.3.8 Reaction of 1-hydroxyiminotrimethylene polymers with benzoyl chloride 
[EP-CO-derived polyhydroximel 
A mixture of EP-CO-1%P-derived polyhydroxime (70 mg, 0.99 mmol) and 
pyridine (5 ml) was stirred under N2 atmosphere at room temperature and benzoyl 
chloride (420 mg, 2.99 mmol) was added. After stirring for 3 days, the resulting 
solution was poured into chloroform (20 ml) and then washed with aq. Na2CO3 
(satd., 2 x 10 ml). Drying (MgSO4), removal of the solvent and precipitation from 
chloroform solution by addition of methanol afforded a brown gum of poly[(1-
benzoxyiminotrimehylene)-co-( 1 -benzoxyimino-3 -methyltrimethylene)] (118) (114 
158 
mg). vmax/cm 1 3061 (Ar), 1745 (C=O), 1637 (C=N); 8H  (200 MHz, CDC1 3) 8.35-
7.62, 7.60-7.00 (511, 2 x m, Phil), 2.86 (4H, br s, CH2); öc (62.9 MHz, CDC13) 
167.52, 166.72 (C=O), 163.32, 163.01 (C=N), 145.06 (PhC), 133.18, 129.30, 128.46 





M 	 n 
m = 0.99, n = 0.01 
m = 0.85, n = 0.15 
Reaction of EP-CO-15%P-derived polyhydroxime (100 mg, 1.37 mmol) with 
acetic anhydride (580 mg, 4.13 mmol) in pyridine (5 ml) was performed as described 
above. Poly[( 1 -benzoxyiminotrimehylene)-co-(I -benzoxyimino-3-methyltri-
methylene)] (119) was obtained as a dark brown gum (174 mg). v./cm' 3061 (Ar), 
1745 (C=O), 1636 (C=N); 8H  (250 MHz, CDC13) 8.22-7.68, 7.61-7.00 (5H, 2 x m, 
Phil), 3.21 (br s, CH), 2.91 (br s, CH2), 1.24 (br s, Me); 6c  (250 MHz, CDC13) 
167.69, 167.59, 167.52, 167.42, 167.35 (C=O), 163.39, 163.33 (C=N), 144.75, 
(PhC), 133.18, 129.34, 128.90, 128.48, 128.20 (PhCH), 37.02, 35.75 (CH), 31.01, 
30.78, 30.62, 30.51, 30.42, 30.30, 26.84, 26.70, 26.49, 26.32 (CH 2), 19.08, 19.03, 
18.21, 18.09 (Me). 
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Poly( 1-methoxyiminotrimethylene) 5 and poly(( 1-meth-
oxyiminotrimethyiene)-co-(l-methoxyimino-3-methyitri-
methylene)I 6, prepared by reaction of ethene/propene-
carbon monoxide alternating copolymers with methoxyl-
amine, undergo u-substitution on treatment with BuLi 
followed by addition of electrophiles such as Mel. 
Alternating  copol ynlers of alketics and carbon monoxide are 
proving to be useful starting niateria is for the preparation novel 
functional iscd polymers. Reaction can take place at in - 
div dual ketone groups or at I .4-d lone units:  for exa iiiple. the 
ketones can be converted to their I .3-dioxolane derivatives by 
acid-catalysed reaction with I .2-dioIs. whereas with primary 
amines Paal—Knorr condensation of I .4-diones affords poly-
(ethyleiiepyrroles). 2 We have previously described 5 the conver-
sion of ethene-carbon monoxide copolymer I (E-CO) and 
J —CH 2CHJ 
m 	
— M. t C  CH2CH- CH2CH  
I X = 0 (E-CO) 	 2 X = 0 (EP-CO) 
3X=NOH 	 4X=NOH 
5X=NOMe 6X=NOMe 
ethene/propene—carbon monoxide copol yiner 2 (EP-CO) to 
potvketoxinies 3 and 4 on treatment with liydwxvtani ite. We 
now report that reaction Will) itlet hox y lain i tic a lords the 
corresponding met hox i me polymers 5 and 6. and that these 
readily undergo base-induced reactions with electrophilesat the 
cv-methylene group. 
Reaction of E-CO or EP-CO with tllet boxy tam lie in pyridine 
at room temperature resulted in slow dissol Lit ion of the polymer 
and complete conversion of the ketone groups to their 
methoxime derivatives. In a typical experiment a suspension of 
E-CO ( M,, = 1500, 100 Of ,, ) was stirred with a four-told excess 
of* tlietlloxyltiiiine hydrochloride (595 tog) in pyridine (It) 1111) 
at room temperature for two days. 'l'lie resulting tioinogeneous 
solution was poured into water (50 1111) and the product 
extracted into CHCI 1 . Washing with aq. NaCO 3 and water. 
drying. and removal of the solvent afforded poly( I -nicthoxy-
iminotrimethylene) 5 as a pale yellow gum (71 0/,!). which was 
purified by precipitation from CHCI 3  by addition of MeOI-i. EP-
CO on = 0.99. it = 0.01 )t and EP-CO (in = 0.85. it = 0.1 
reacted similarly. yielding poly!( I -oiethoxyiniinotri- 
methylene)-eo-( I -niethoxyitnitio-3-methyltrimctliylene ) I 6. 
The products were identified front their spectroscopic proper-
ties§ by comparison with the corresponding polyketoximes 3 
and 4. and with 2.5-his(nicthoxyimino)hexane 71 and 3.6.9-iris-
(methoxyirnino)undecane 81 which were prepared as model 
compounds by tilet hox i mat ion of hexatle -2 .5-dione and ttn-
decatie-3.6.9-trionc respectively. For polvntethoxime 5 the 
conversion of ketone units in the polymer to inethox lilles is 
evident l'roni tile infrared spectrttln in which the carbonyl 
absorption at 1690 cm -1 is replaced by a C=N peak at 
1630 ctn , Furthermore in the 13C NMR spectrum the carbonyl 
absorptions  (if) he starting material at 208-210 ppm are absent 
and there are new characteristic peaks for tile itninO carbons at 
158.57 and 158.48 ppm, similar to those found at 161-157 ppm 
for the F.E. E.Z- and Z.Z-isorners of model ditlletlloxitile 7 and 
at 161 - 158  ppm [or triniethox iine 8. There are also signals [or 
the inethyleile carbons at 30.63. 30.50. 30.03, 29.88. 25.35. 
25.07. 24.43 and 24.13 ppm, similar to those reported-5 for 
polyketoxiiie 3. The nittitiphicity of peaks in this region is 
attributed to the presence of sinanti, sm-sm, anti-anti and 
ann-on combinations of neighbouring oximes: those at higher 
frequency (29-31 ppm) are assigned to the -anti-carbons by 
comparison with literature data for tlietlloxyitllino compounds!' 
The presence of inethoxy groups is shown by signals at 3.78 
(I H) and 6 1. 10 0 30 ppm. Unlike the precursor alkene—carbon 
niouloxide copolymers (I. 2) and the polyoximes (3. 4) all the 
new polylliethloxillles show good solubility in a range of organic 
solvents. thus giving increased SCOC for modification reac-
tions. 
All previous modifications have involved manipulation of the 
carbonyl groups. either singly or as I .4-dione or I .4.7-triolle 
units. Functionalisatiotl of tile backbone methylene groups has 
not been achieved so far, largely due to the very low solubility 
of these polymers in common organic solvents. The availability 
of the new polytnethox tIle derivatives described above pro-
vided tile opportunity to examine the feasibility of base-induced 
(v-subs) it Ut ion react ions with ehectropililes. as illustrated in 
Scheme I. 
Preliminary experiments were carried out Using the model 
tllethoximes 7 and 8 in order to establish suitable reaction 
conditions and also to facilitate spectroscopic identification of 
he polymer products. Treatment of di met hox I tOC 7 (I . I 6 11111101) 
in THF at —78°C with BuLi (3.52 ninol), followed by addition 
of Mel (3.55 mnlol) afforded, on work-up. a mixture of 
compounds 9 and It) (96% combined yield). Trimethoxime 8 
reacted similarly yielding a mixture of (v-tiletllylated products 
(62%), of which compounds 11 and 12 are representative 
examples. The corresponding reactions of methoximes 7 and 8 
with BnBr afforded v-benzylated products 13/14(24%) and e.g. 
15/16 (58%) respectively. The svn selectivity of tile litlliatioll 
process 1 ' 7 was established by reacting diniethoxime 7 with BuLl 
in THF at —78 °C and quenching the resulting solution with 10-
2 1 -11methanol. The isolated product was shown by NMR 
spectroscopy to be predominantly a mixture of mono- and di-
deutcrio compounds 17 and IS, together with some unreacted 








() E 4 
N 	
1 
OMe OMe  
7 	 8 	 Scheme I 
Client. Connnimn.. 1999. 1297-1298 	1297 
_OMe 	 OMe 
N 	 E 	 N 	 E 
Me0 O Me 
9 EMe 	 10 E= Me 
13 E=Bn 14 E8n 
17 E0 	 18 ED 
MeO 	
Ji ULU 
OMe MeO.., 	 _OMe 
y 
OMe 	 "OMe 
II EMe 	 12 E=Me 
15 E=Bn 16 E=Bn 
19 E=D 	 20 ED 
,starting material. -Deuteration at the sm methyl is confinlled 
by the presence of a peak at 1.79 ppm in the 2 H NMR spectrum: 
there is also a corresponding reduction of ca. 30% in the 
intensity of the signal for the protons of this group in tile 'H 
spectrum, with part of the singlet at 1.79 ppin in the starting 
material being replaced by it I : I : I triplet at 1.75 ppm. The 
analogous reaction of trimethoxinle 8 resulted in 8% deuterium 
incorporation, representing an average of one hydrogen atolli 
being replaced per molecule. Deuterium NMR peaks at 2.16. 
2.27 and 2.44 ppin indicate isotopic substitution at several of the 
syn cv-methylene positions, e.g. 19/20. 
Having established that directed y-substitutiomls could he 
accomplished on the model compounds the reactions of the 
polvmethoximes were studied under similar conditions. To lest 
the extent of anion formation it sample of EP-CO-derived 
polymethoxime 6 On = 099. n = 0.01) was treated with BuLi 
(5 equiv.). excess 10-Hjmlletllanol added to tIle resulting 
solution. and tile recovered polymer examined by NMR 
spectroscopy. cm-Substitution in the product 21 is confirmed by 
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the presence of it peak at 2.45 ppm in tile 2 H NMR spectrum 
very similar to that observed For the model compounds 19/20: 
there is also a ea. 15% reduction in tile intensity of the signal for 
the methylene protons in the 1 H spectrum. indicating that on 
average there are -0.6 deuterium atoms per methoxime unit. 
These results suggested that multiple electrophilie substitu-
tions on the polymer backbone should be possible, and to test 
the feasibility of introducing alkyl substituents by this means 
the polymethoxinle polyanions were reacted with Mel and 
aimar. E-CO.dcrivcd polynlotlioxitne 5 ( (( N) nig) in dry li-IF 
was treated with BuLi (1.1) equiv.) at -78 °C and Mel (t.0  
equiv ) added to the resulting solution. After stirring For 2 h at 
-78 °C and warming to t) °C tile mixture was quenched with 
water and the product extracted into Et 20. Drying, removal of 
the solvent in rwi,o and precipitation from CHCI 3 solution by 
additionof MeOH afforded it pale yellow gum (60 mg). The 
NMR spectra of the product 22 were broadly similar to those 
observed for the polymethoXimile 6 (in = 0.85, n = 0.15) 
previously prepared by methoximation of the alternating 
copolymer of carbon monoxide and 85% etllene/l 5% propene. 
The introduction of tile methyl substituents was confirmed by 
the appearance of a new proton doublet signal at 1.00 ppill with 
a 6.7 Hz coupling to the adjacent backbone CH: by comparison 
with the oximino methyl signal the extent of reaction was 
estimated as 29%. In the 13C NMR spectrum there are additional 
peaks for the ethylidene group at 16.28. 16.67 (CH,) and 29.27. 
36.00 ppm (CH). The reaction of E-CO polymethoxime 5 with 
BiiBr proceeded similarly, yielding a yellow gum (23) which 
was purified by precipitation from CHCh by addition of MeOH. 
The NMR spectra of the product showed characteristic peaks 
for the benzylidene group 17.1-7.3 ppn (PhH): 37.52 (CHPh). 
126.13. 128.18. 128.69 (PhCH). 139.34 ppm (PhC)] similar to 
those observed for model compounds 13-16. From the proton 
spectrum it was estimated that there were on -0.3 benzyl 
groups per methoxime unit. The corresponding reactions of 
BuLi / Mel and BuLi / BnBr with EP-CO-derived poly-
metlloximes 6 (m = 0.99. it = 0.01) and 6 (in = 0.85, it = 0.15) 
proceeded in a similar manner to afford modified polymers 24 
and 25. On tile basis of the deuterium exchange experiments it 
is presumed that for all the alkylated polymers the substituents 
are introduced .cvn to the methoximino group. 
In conclusion, the conversion of the ketone groups in alkene-
carbon monoxide copolymers to methoximes allows directed cm-
substitution reactions to be carried out on the polymer 
backbone. Previous modification reactions have all involved 
hunctionalisatioll at the carbonyl groups: the results described 
above therefore represent the first examples involving reaction 
at tile alkene units. It is anticipated that a range of novel 
polymers will he accessible by reaction with appropriate 
elect roph i tes. 
We thank BP Chemicals for tile supply of the ethene/ 
propene-carbon monoxide alternating copolymers. and the 
Royal Thai Government for a Scholarship (P. K.). 
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